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NOTE  ON  THE  EFFECT  OF  TEMPERATURE  UPON  THE 
ACTION  OF  THROMBIN  AND  ANTITHROMBIN 

W.   H.  HOWELL 

From  the  Phyaiologieal  LaboTatory,  Johna  Uopkint  Univerfitj/ 

Received  for  publication  October  5,  1914 

The  main  object  of  this  note  is  to  call  attention  to  the  marked 
augmenting  effect  of  temperatures  at  or  above  the  body-tempera- 
ture upon  the  activity  of  antithrombin,  and  also  to  emphasize 
one  important  condition  influencing  the  effect  of  high  tempera- 
tures upon  thrombin. 

The  effect  of  variations  in  temperature  upon  the  time  of  coagu- 
lation has  been  studied  by  a  number  of  observers,  both  as  re- 
gards the  clotting  of  normal  blood  and  the  coagulation  of  artificial 
plasmas  or  fibrinogen-solutions.  In  the  case  of  normal  blood 
the  conditions  are  quite  complex  since  several  distinct  processes 
come  into  play  and  these  processes  may  be  affected  differently 
by  the  changes  of  temperature,  the  actual  time  of  clotting  being 
the  resultant  of  their  interaction.  We  have  to  consider,  for 
instance,  such  changes  as  the  disintegration  of  the  platelets, 
the  activation  of  the  prothrombin,  the  neutralisation  of  the 
antithrombin  and  the  final  reaction  between  the  thrombin  and 
the  fibrinogen.  In  consequence,  perhaps,  of  this  complexity  of 
processes,  and  also  because  of  the  different  methods  employed, 
the  results  reported  by  different  observers  for  normal  blood  have 
not  been  entirely  concordant.     All  observers  agree  that  between 
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0°C.  and  20°C.  rise  of  temperature  is  accompanied  by  a  great 
acceleration  of  the  time  of  clotting,  the  temperature  coefficient 
for  a  range  of  10°C.  being  quite  large,  3  to  4.  Between  20° 
and  30°C.  some  observers^  find  but  little  difference  in  the  time 
of  coagulation,  while  others,*  making  use  of  more  delicate  methods, 
state  that  there  is  a  marked  acceleration  for  a  rise  of  temperature 
between  these  points,  the  temperature  coefficient  being  approxi- 
mately 2.5. 

Between  30°  and  40°C.  there  is  a  further  difference  in  the  re- 
ported results.  Brodie  and  Russell  got  no  variation  in  time  of 
coagulation  between  these  temperatures,'  Burker  and  also  Addis 
found  an  acceleration,  the  temperature  coefficient  being  from  1.4 
to  1.7.  Addis  whose  experiments  were  the  most  extensive  states 
that  beyond  42.5°C.  coagulation  is  delayed,  the  temperature 
coefficient  becoming  negative.  Observations  upon  artificial 
plasmas  and  upon  fibrinogen-solutions  have  not  given  more  uni- 
form r^ults,  although  the  conditions  involved  would  sdem  to  be 
less  complex  than  in  shed  blood.  Hettger*  states  that  with 
fibrinogen-solutions  and  thrombin  (prepared  by  the  method  of 
Sc2miidt)  the  time  of  coagulation  remains  constant  for  variations 
of  temperature  between  17°C.  and  41'*C.  Landsberg,*  on  the 
contrary,  making  use  of  similar  preparations,  reports  that'  the 
time  of  coagulation  is  accelerated  by  rise  of  temperatiu*  up  to 
an  optimum  which  lies  between  37°  and  40°C.  Beyond  40°C. 
the  coagulation-time  is  somewhat  delayed.  My  own  obser- 
vations tend  to  confirm  the  results  reported  by  Landsberg.  I 
made  use  of  fibrinogen-solutions  prepared  in  the  usual  way  from 
oxalated  plasma  and  thrombin  solutions  obtained  by  a  method 
previously  reported.' 

It  may  be  noted  in  this  connection  that  the  coagulation  of 
■  fibrinogen-solutions  by  thrombin  shows  sometimes  irregularities 

'  Lee  and  White:  American  Journal  of  the  Medical  Sciences,  1013,  cxlv,  499. 

*  Brodie  and  Russell :  Journal  of  Physiology,  1871,  x id,  403.  Burker:  PflUger's 
Archiv,  1904,  cii,  65.  Addis:  Quarterly  Journal  of  Experimental  Physiology, 
1908,   i,  305. 

'B«ttger:  American  Journal  of  Physiology,  1909,  xxiv,  406. 
'  Landsberg:  Biochemische  Zeitschrift,  1913,  I.  245. 

*  Howell:  American  Journal  of  Physiology,  1913,  xxxii,  264. 
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which  it  is  difficult  or  impossible  to  control,  especially  if  minimal 
strengths  of  thrombin  are  used.  If,  for  example,  several  mixtures 
of  the  same  concentrations  are  made  and  are  kept  in  a  bath  at  a 
given  temperature,  it  may  happen  that  one  of  the  specimens 
will  vary  markedly  in  its  coagulation  from  the  time  shown  by 
the  majority  of  the  preparations.  Variations  of  this  kind  are 
due  probably  to  some  slight  undetected  difference  in  conditions 
whose  influence  is  likely  to  be  more  evident  the  smaller  the 
, proportion  of  thrombin  that  is  used. 

In  general,  howeverj  it  was  found  that  the  optimimi  temperature 
of  coagulation  Ues  at  35°C.  or  between  30°  and  35°,  while  at 
40°C.  there  is  a  tendency  toward  a  retardation  or  negative 
coefficient,  which  is  never  very  marked  and  may  be  lacking  in 
some  cases,  an  important  conditipn  in  this  respect  being  again 
the  proportional  amounts  of  thrombin  and  fibrinogen  used  in  the 
reaction.  More  decisive  and  interesting  results  were  obtained 
in  experiments  upon  the  action  of  thrombin  upon  solutions  of 
dried  calcium-free  blood  plasma.  The  mode  of  making  and  using 
this  dried  plasma  has  been  previously  described*  and  need  not 
be  repeated  here.  With  these  solutions  the  time  of  coagulation 
is  accelerated  greatly  between  0°C.  and'2Q°C.,  the  temperature 
coefficient  being  3  or  3+,  but  between  20°  and  35°C.  the  time  of 
coagulation  is  not  changed  perceptibly.  At  40°C.  there  is  a 
very  marked  retardation — ^in  fact,  a  permanent  suspension  of 
coagulation  when  the  amoimt  of  thrombin  used  is  not  too  lai^. 
This  effect  may  be  illustrated  by  the  following  experiment  in 
which  1  drop  of  the  thrombin  solution  was  used  to  coagulate  10 
drops  of  the  plasma. 

Temperature  20''C.     Coagulation-time  between  5  and  10  minutes. 

Temperature  25°C.     Copulation-time  between  5  and  10  minutea. 

Temperature  30°C.     Coagulation-time  between  5  and  10  minutes. 

Temperature  35°C.     Coagulation-time  between  5  and  10  minutes. 

Temperature  40°C.  No  coagulation  within  3  hours,  during  which 
time  ttie  temperature  of  the  bath  was  re- 
tained at  4fi°C. 

,  1S7  and  1S12,  xxxi,  i; 
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A  ^wcimen  of  the  last  solution  removed  after  2  hours  to  a 
temperature  of  20°C.  began  to  clot  in  30  minutes  and  later 
formed  a  sohd  clot.  Landsberg  has  observed  a  similar  effect  at 
body  temperature  in  experiments  made  with  a  thrombin  solution 
(Schmidt's  method)  and  a  magnesium  sulphate  plasma.  His 
explanation  is  that  the  thrombin  is  adsorbed  by  some  protein  or 
proteins  found  in  the  plasma.  In  former  papers  I  have  given 
evidence  for  the  existence  of  an  antithrombin  in  blood-plasma, 
and  the  thought  occurred  that  the  striking  difference  in  reaction 
at  40°C.  between  a  thrombin-fibrinogen  mixture  on  the  one  hand 
and  a  thrombin-plasma  mixture  on  the  other  is  due  probably  to 
the  antithrombin  present  in  the  plasma.  Direct  experiments 
made  to  test  this  suggestion  demonstrated  that  it  is  correct. 
In  these  experiments  the  action  of  the  antithrombin  was  de- 
termined by  its  effect  on  selected  mixtures  of  thrombin  and 
fibrinogen  exhibiting  known  coagulation  times.  For  example, 
oxalated  human  blood  plasma,  freshly  prepared,  was  heated  to 
60°C.  and  filtered.  The  antithrombin  action  of  the  filtrate  was 
tested  upon  mixtiires  of  thrombin  and  fibrinogen  (dried  plasma) 
at  20"  and  at  40°C.  according  to  the  following  schema. 


A-op. 

10 

4  (solid) 

10 

5  (solid) 

10 

10  (partial) 

Without  the  addition  of  the  drop  of  heated  plasma  similar 
mixtures  all  clotted  firmly  in  4  minutes. 


4  1  IS  10  10  minuteB  (solid) 

3  1  16  10  10  minuteB  (partial) 

2  I  16  10  No  ciot  in  5  hours. 

This  result  was  confirmed  by  other  similar  tests.  It  may  be 
concluded  that  in  mixtures  in  which  the  thrombin  is  not  greatly  in 
excess  of  the  antithrombin  an  increase  in  temperature  from  20''C. 
to  40°C..  augments  the  action  of  the  antithrombin  to  such  an 
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ejrtent  that  coagulation  is  greatly  delayed  or  entirely  prevented. 
In  the  plasma  of  cirexdating'  blood  or  lymph  the  prothrombin 
and  antithrombin  are  present  in  such  proportione  that  at  room 
temperatures  the  coagulation  of  the  cell-free  plasma  occurs 
very  slowly,  if  at  all.  From  the  results  here  described  it  is 
evident  that  in  such  plasmas,  at  the  body  temperature,  the  action 
of  the  antithrombin  must  be  favored  to  such  an  extent  that  the 
balance  will  be  thrown  safely  to  its  side.  Under  the  conditions 
that  exist  in  the  body  in  which  the  platelets  and  leucocytes 
remain  intact  and  in  which  therefore  there  is  no  sudden  increase 
in  the  content  of  the  plasma  in  prothrombin  and.  thrombo- 
plastin we  can  imderstand  that  the  permanent  fluidity  of  the 
plasma  will  be  ensured  by  the  protective  action  of  the  antithrom- 
bin. 

THE   EFFECT   OP   HIGH    TEMPERATURES   UPON   THROMBIN 

As  pointed  out  by  Rettger'  solutions  of  thrombin  made  by 
Schmidt's  method  may  be  boiled  for  several  minutes  without 
losing  wholly  their  power  to  cause  clotting  in  fibrinogen^olutions. 
On  the  other  hand  it  is  very  well  known  that  if  serum  containing 
thrombin  is  heated  to  60°  the  thrombic  power  is  destroyed  and 
when  oxalated  plasma  is  brought  to  the  same  temperature  the 
prothrombin  is  destroyed  or  so  changed  that  it  can  no  longer 
be  activated  to  thrombin.  In  the  thrombin  that  I  have  pre- 
pared by  acetone  precipitation  from  sahne  solutions  of  washed 
fibrin  I  have  had  occasion  to  test  at  various  times  the  degree  of 
its  thermolability,  with  the  result  that  in  some  cases  it  has  been 
destroyed  apparently  at  relatively  low  temperatures,  while  in 
other  cases  even  boiling  has  not  removed  entirely  its  character- 
istic action.  Examination  of  these  results  has  shown  that  the 
effect  of  high  temperature  on  the  thrombin  is  greatly  influenced 
by  the  character  and  amount  of  the  salts  present  in  solution. 

Sodium  chloride  has  a  marked  influence  in  this  respect  as 
is  shown  by  the  following  experiments.  A  specimen  of  dry 
thrombin  was  dissolved  in  distilled  water  to  ma^e  a  0.1  per  cent 
solution.     This  solution  was  divided  into  three  parts:  A,  con- 

'  Rettger:  American  Journal  of  Physiology,  1909,  jtniv,  408. 
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taining  no  salt;  B,  containing  sodium  cUoride  to  a  strength  of 
0.5  to  1  per  cent,  and  C,  containing-  sodium  chloride  to  a  strength 
of  1  to  1 .5  per  cent.  The  three  spwcimens  were  placed  in  a  water- 
bath  and  heated  to  60°C.  for  two  minutes.  Their  action  was 
then  tested  upon  a  freshly-prepared  solution  of  fibrinogen  in 
comparison  with  the  same  solutions  unheated. 

Fibrinogen  Solution,  10  drops  +  Thrombin,  Solution  A,  unheated, 
2  drops  gave  clot  in  4  minutes. 

Fibrinogen  Solution,  10  drops  +  Thrombin,  Solution  A,  heated,  2 
drops  gave  clot  in  20  minutes. 

Fibrinogen  Solution,  10  drops  +  Thrombin,  Solution  B,  unheated, 
2  drops  gave  clot  in  4  minutes. 

Fibrinogen  Solution,  10  drops  +  Thrombin,  Solution  B,  heated, 
2  drops  gave  clot  in  60  minutes. 

Fibrinogen  Solution,  10  drops  +  Thrombin,  Solution  C,  unheated,  ' 
2  drops  gave  clot  in  4  minutes. 

Fibrinogen  Solution,  10  drops  +  Tlirombin,  Solution  C,  heated, 
2  drops  gave  clot  in  95  minutes. 

The  same  solutions  were  than  heated  to  boiling  over  the  flame 
for  a  minute' and  again  tested  upon  the  solution  of  fibrinogen. 

Fibrinogen  Solution,  10  drops  +  Thrombin,  Stdution  A,  unheated 
4  drops  gave  clot  in  3  minutes. 

Fibrinogen  Solution,  10  drops  +  Thrombin,  Solution  A,  boiled, 
4  drops  gave  clot  in  25  to  30  minutes. 

Fibrint^en  Solution,  10  drops  +  Thrombin,  Solution  B,  boiled, 
4  drops  gave  no  clot  in  24  hours.  *  * 

Fibrinogen  Solution,  10  drops  +  Thrombin,  Solution  C,  boiled,  4 
drops  gave  no  clot  in  24  hours. 

It  appears  from  these  and  similar  experiments  that  an  aqueous 
solution  of  pure  thrombin  free  from  salts  is  weakened  but  not 
destroyed  by  boiling,  but  that  the  presence  of  sodium  chloride 
to  a  concentration  of  I  per  cent,  more  or  less,  renders  the  thrombin 
much  more  sensitive  to  high  temperatures  and  effects  its  complete 
destruction  at  a  temperature  of  100°C. 

No  visible  coagulation  of  the  solutions  was  produced  by  the 
heating  and  the  way  in  which  the  salt  exerts  its  influence  upon 
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the  thrombin  remains  imdetermined.  It  may  be  added  that 
boiUng  aqueous  solutions  of  thrombin,  free  from  salts,  for  5 
minutes,  is  not  sufficient  to  destroy  their  action  completely. 
They  still  cause  clotting  of  solutions  of  fibrinogen  although  the 
time  is  delayed.  If  the  solutions  are  kept  in  a  bath  of  boiUng 
water  for  30  minutes  some  remnant  of  activity  is  still  maintained, 
for  when  added  to  solutions  of  fibrinogen  they  cause,  after  some 
time,  a  delicate  membraneoiis  clot. 


1.  At  temperatures  approximating  the  body-temperature  the 
action  of  antithrombin  is  greatly  augmented.  It  is  probable 
that  this  actidn  is  of  importance  in  ensuring  the  fluidity  of  the 
circulating  blood  in  animals  Uke  the  manunals  in  which  the  con- 
tent of  antithrombin  in  the  blood  is  small. 

2.  The  effect  of  high  temperatures  (60°-100°C.)  in  weakening 
or  destroying  the  action  of  thrombin  is  accelerated  greatly  by 
the  presence  of  small  amounts  of  neutral  salts  (NaCl). 
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NO.  256. 

THE  ORIENTATION  OF  A  HOLOTHURIAN  BY  LIGHT 

W.  J.  CROZIER' 
Received  for  publication  October  8,  1914 

I.  In  a  paper  dealing  with  the  sensory  reactions  of  Holothuria 
Burinamensis,  which  is  to  appear  in  the  Zoologiacher  Jahrbucher, 
1  have  shown  (Crozier,  1914  [?])  that  the  analysis  of  echinoderm 
reactions  to  light  given  by  Mast  (1911,  pp.  211-213)  fails  when 
applied  to  Aspidochirot^  holothurians,  since  (1)  these  animals  . 
move  only  with  the  anterior  end  in  advance,  and  (2)  they  orient 
away  from  the  light,  yet  react  negatimly  to  shading.  It  may 
not  be  out  of  place  to  publish  a  more  detailed  account  of  the 
photic  orientation  of  another  holothurian,  H.  captiva,  which 
exhibits  this  reaction  in  an  even  more  clearly  defined  manner. 

This  study  was  carried  out  at  the  Bermuda  Biological  Station 
for  Research  during  the  summer  of  1914.  For  the  use  of  the 
facilities  of  the  station,  my  best  thanks  are  due  the  Director, 
Prof.  E.  L.  Mark. 

II.  Holothuria  captiva  Ludwig  is  a  small  dark-green  Aspido- 
chirote  holothurian,*  which  is  relatively  common  in  certain  local- 
ities in  the  Bermudas.  It  is  found  exclusively,  during  the  day- 
time at  least,  clinging  to  the  under  sides  of  slabs  of  stone  on 
rather  exposed  shores,  just  under  low  water  mark.  Individuals 
ranging  in  length  from  4  to  100  mm.  are  obtainable  during  the 
months  of  June  and  July.*  Experiments  were  made  upon  ani- 
mals covering  this  range  in  size. 

'  Contributions  from  the  Bermuda  Biological  Station  for  Research.    No.  34. 

'  The  paper  oq  H.  suriiiamensie  contains  general  otnervationB  on  the  behavior 
of  H.  captiva. 

•  The  majority  of  the  younger  specimens  were  found  at  the  entrance  to  Hungry 
Bay. 


dbyGoogIc 


OBIENTATION   OP  HOLOTHUBIAN  BY  LIGHT  9 

The  bilateral  symmetry  of  this  form  is  more  strongly  pro- 
nounced than  is  the  case  with  the  related  H.  surinamensis  and 
H.  rathbuni,  though,  as  might  be  expected  from  the  near  struc- 
tural affinity  of  all  three,  they  show  many  points  in  common. 
The  accentuation  of  physiological  polarization  in  H.  captiva  is 
due  mainly  to  the  fact  that  the  ventral  trivium  (which  alone 
bears  tube  feet)  is,  even  in  very  young  animals,  more  flattened 
and  sharply  marked  off  from  the  lateral  body  surfaces  than  in 
the  other  two  species;  a  minor  factor  is  the  greater  obliquity 
of  the  oral  plane,  which  runs  obliquely  ventrad  and  posteriad. 
This  bilaterality  is  further  brought  out  by  the  relatively  greater 
rigidity  of  the  body;  lengthwise  spiral  twisting,  common  in  H. 
surinamensis,  does  not  occur  here,  and  the  main  tendency  of 
the  body,  in  the  al»ience  of  special  stimuli,  is  to  preserve  the 
straightness  of  its  horizontal  axis. 

The  anus  is  situated  dorsally,  and  when  the  animal  is  irt- 
tensely  stimulated,  the  brim  about  it  may  be  elevated  into  a 
chimney-like  tube,  capable  of  being  directed  from  side  to  side. 
This  is  connected  with  the  great  development  of  Cuvierian  organs 
in  this  species,  for  the  tube,  being  directed  toward  an  irritated 
point  on  the  body,  controls  in  s  general  way  the  direction  in 
which  these  organs  are  discharged. 

In  the  youngest  stages  found  (4  to  10  mm.  long)  the  pigmen- 
tation of  the  body  differs  from  that  of  the  larger  specimens, 
since  in  the  very  small  animals  the  whole  body  is  of  a  light  green 
color,  while  in  the  older  ones  this  hue  persists  only  on  the  trivium, 
in  the  tentacles,  and  on  the  tips  of  the  dorsal  papillae,  the  doi^ 
sal  and  lateral  surfaces  becoming  deep  olive  green.  Even  in 
the  youngest  specimens  the  tentacles  are  less  highly  colored  than' 
is  the  rest  of  the  body.  Darker  pigmentation  first  becomes  evi- 
dent about  the  bases  of  the  papillae,  in  animals  about  8-9  mm. 
long;  it  is  due,  largely,  to  an  increase  in  the  amount  of  the  lighter 
pigment,  though  another  substance,  dark  brown  and  chemically 
distinct  from  the  former,  is  also  concerned.  Some  chemical 
characteristics  of  the  green  pigment  and  its  possible  r61e  in  photo- 
reception  have  been  treated  of  in  the  paper  above  referred  to 
(Crozier,  1914  [?]),  and  will  be  further  considered  below. 
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III.  Holothuria  captiva  ordinarily  lives  in  dark  situations. 
To  keep  it  in  a  healthy  condition  for  any  length  of  time  in  the 
laboratory,  it  must  be  shaded.  Prolonged  exposure  to  even  ■ 
moderately  bright  diffused  light  exerts  a  distinctly  toxic  effect. 
It  is  photokinetic.  The  whole  surface  of  the  animal  is  sensi- 
tive to  lif^t.  Tests  made  with  the  aid  of  an  apparatus  designed 
to  produce  small  areas  of  light*  gave  results  entirely  consistent 
with  those  previously  found  for  H.  surinamensis.  The  tentacles 
reacted  negatively,  as  shown  by  their  partial  contraction  and  by 
more  or  less  ^mdirected  waving  movements.  The  pedicels  {when 
the  spot-light  was  intense)'  became  detached  and  waved  about. 
The  papillae  were  caused  to  collapse.  Every  point  on  the  body- 
surface  reacted  negatively  to  sufficiently  strong  light  by  local 
in-sinking.*  The  order  of  sensitivity  of  the  parts  of  the  animal 
is:  anterior  end  >  posterior  end  >  pedicels,  papillae  >  mid-body 
surface. 

The  method  of  orientation  to  horizontal  light  of  not  too  great 
an  intensity,  coming  from  a  single  source,  will  be  apparent  from 
an  examination  of  the  sample  trails  given  in  l^e  text  figures  and 
in  the  plate.  The  tests,  with  the  exception  of  those  shown, 
were  made  by  admitting  sunlight,  or  light  from  a  40  c.p.  tung- 
sten filament,  throu^i^  a  diaphram  into  a  blackened  box  con- 
taining the  holothurians  in  a  flat-sided  glass  aquarium.  Sketches 
of  the  moving  animals  were  secured,  in  a  dark-ro(»n,  by  having 
the  aquaria  mounted  on  short  legs  above  a  table,  so  that  out- 
lines of  their  successive  positions  during  orientation  could  be 
conveniently  traced  on  paper  placed  beneath  them.  The  photo- 
graphs were  made  with  the  holothurians  exposed  to  two  sources 

'This  apparatus,  modified  from  one  devisefl  by  Dr.  B.  M.  Patten,  consists 
essentially  of  a  small  pocket  electric  flash-light  with  a  tungsten  filament  mounted, 
in  place  of  the  ocular,  on  a  microscope  tube  provided  with  a  low  power  objec- 
tive (A*  or  "3").  Diaphrams  are  readily  adjusted  betweep  the  electric  bulb 
and  the  objective,  and  it  necessary  within  the  lens-aystem,  in  such  a  way  as  to 
give  beams  of  light  of  any  desired  crosB-scction  and  devoid  of  halos.  The  instru- 
ment as  thus  constructed  is  self  contained  and  convenient  to  handle. 

'  There  is  no  question  of  a  heat  effect  being  involved,  since  I  have  found  that 
Holothuria  is  not  equipped  with  anything  which  might  properly  be  termed  a 
temperature  sense. 
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of  light,  diffxise  daylight  and  more  intense  sunlight  reflected 
horizontally  by  a  mirror.  The  movements  of  orientation  are 
sufficiently  slow  to  permit  the  use  of  an  ordinary  "kodak," 
clamped  to  an  upright  for  obtaining  records.  No  differences  in 
the  mechanism  of  orientation  were  noticeable  under  these  slightly 
different  experimental  conditions. 

If  H.  captiva  is  suddenly  subjected  to  horizontal  light  parallel 
to  its  long  axis  thrown  on  its  anterior  end,  the  pedicels  of  that 
region  are  released  and  the  anterior  half  of  the  body  is  swung 

Series  A.  PLATE  I 

3:27  3:27.7  3:28  3:29  3:29.3  3:29.7 


Explanation  of  Plate 
Stages  in  the  OTieotatioD  of  Holotburia  captiva  by  sunlight  parallel  to  its 
long  axis  incident  upon  its  anterior  end.  In  Series  A  moderately  bright  light 
was  used,  in  Series  B,  light  of  lower  intensity.  The  crossed  lines  shown  were  on  a 
card  placed  beneath  the  aquarium.  The  rate  of  orientation  can  be  judged  by  the 
relation  of  the  animal  to  these  coordinates  at  the  times  indicated  opposite  each 
picture. 

sharply  to  one  side  (Plate  I;  and  figa.  1,  2,  3).  The  swinging 
movement  continues  until  the  anterior  end  is  turned  as  far  away 
from  the  light  as  possible;  the  anterior  end  is  then  extended  some- 
what and  re-attached;  the  posterior  end  is  then  frequently  drawn 
forward  by  contraction  of  the  anterior  body  muscles  (Plate  I, 
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figs.  2,  3) ;  the  turning  away  from  the  light  continues  until  the 
animal  is  finally  crawling  in  the  direction  of  the  beam.  Its 
rate  of  locomotion  then  decreases,  for  the  area  exposed  to  the 
light  is  lessened;  moreover,  the  sensitivity  of  the  praterior  end 
is  less  than  that  of  the  anterior  one.  Similar  movements  follow 
the  application  of  light  to  the  side  of  the  animal  (fig.  4).  In 
every  case  the  first  movement  is  away  from  the  light.  It  is 
only  occasionally  that  anything  which  might,  by  any  stretch 
of  the  imagination,  be  termed  a  trial  movement  appears.  One 
such  case  is  here  recorded  (fig.  2).  It  is  readily  accounted  for 
by  the  tendency  to  persistence  which  echinoderm  movements 


Pio.  1 


Fio.2 


Fig.  1  Stages  id  the  orieotation  of  H.  captiva  to  moderately  bright  sunlight. 
Arrow  shows  direction  of  the  light.  The  time  at  which  each  recorded  observation 
was  made  is  given. 

Fig.  2  Conditions  as  in  figure  1 ;  a  case  which  shows  pseudo  trial  movementi<. 
The  successive  outlines  have  been  shifted  laterally  for  the  sake  of  clearness. 


in  general  display.  The  first  turning  movement  was  carried  too 
far  (3:35),  and  stimxdation  on  the  other  side  forced  the  anterior 
end  to  swing  back;  it  is  to  be  noted  that  these  pseudo  "trial 
movements"  are  not  maintained. 

The  rapidity  of  orientation  varies  with  the  light  Intensity 
employed,  a  higher  intensity  giving  a  more  rapid  orienting  effect 
(see  Table  1). 
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Direct  sunlight,  or  electric  light  of  more  than  200  cm.  inten- 
sity, has  an  ahnost  immediate  toxic  action  (Table  2).  Animals 
exposed  to  light  of  these  intensities  were  within  15  to  30  minutes 
caused  to  eviscerate  throi^i^  the  anus  or  through  dehiscent  open' 
ings  in  the  body  wall."    Previous  to  the  production  of  this  mori- 


TABLE  1 
rime  required  for  the  ctnrtpUtion  of 
orientation  by  koriiontal  light  par- 
tdlel  to  the  long  axis  of  the  animal 
acting  on  the  anterior  end,  for  indi- 
viduals of  di^erent  sizes;  (a)  with 
diffuse  daylight,  (b)  with  moderately 
bright  direct  ennHght.  Tests  were 
made  at  least  an  hour  apart. 


OUENTATION  TIKE, 

No. 

L««].. 

" 

b 

1 

6 

51 

30 

2 

40 

6 

3 

3 

60 

7 

3 

4 

70 

10 

4 

5 

85 

11 

6 

TABLE  2 

Number  ofsuccetsive  Teacliom  to  shad- 
omB,  cati  at  0.6  minute  intercole,  ob- 
tained  from  the  anterior  end  of  Holo- 
tkuria  eaptiva  of  different  sizes  before 
exhaustion;  (a)  in  diffuse  sunlight 
<&)  after  being  in  bright  swnlightfor 
10  minutes. 


AHIUAL 

so.  or  BEACTIDin 

No. 

I«2«h. 

» 

b 

I 

2S 

3 

0 

2 

40 

7 

0 

3 

43 

3 

0 

4 

44 

4 

0 

5 

45 

4 

0 

6 

53 

18 

2 

7 

66 

8 

I 

S 

58 

16 

1 

9 

62 

9 

1 

10 

68 

19 

4 

Jl 

75 

19 

3 

bund  condition  the  animals  attempted  to  orient,  but  before  this 
reaction  was  completed  they  moved  aimlessly,  and  later  with- 
drew the  tentacles,  pedicels  and  papillae.  After  a  quarter  of  an 
hour  in  this  state  very  few  recovered  when  removed  to  more 
favorable  conditions. 

•  Under  these  conditionfl  evisceration  through  the  anus  took  place  without  the 
discharge  of  the  Cuvierian  organe.  Taken  in  connection  with  the  resulta  of  cer- 
tain of  my  experimentB,  this  leads  me  to  doubt  the  entire  correctness  of  Mines's 
explanation  of  the  discharge  of  these  organs  as  due  to  internal  pressure.  A 
variation  of  the  experiment  he  performed  on  H.  nigra  (Mines,  1:912)  consisted  in 
artitcially  raising  the  internal  pressure  of  H.  eaptiva  by  pressing  on  it.  Cuvier- 
ian organs  may  thus  be  caused  to  -come  out  through  the  anus  at  will,  but  their 
appearing  and  the  mode  and  ext«nt  of  their  subsequent  elongation  are  then 
decidedly  not  norma). 
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IV.  The  only  conclusion  permissible  from  the  above  experi- 
ments is  that  the  behavior  of  Holothuria  captiva  toward  hori- 
zontal light  is  a  clear  and  definite  example  of  negative  photo- 
tropism,  in  the  sense  intended  by  Loeb.  The  animal  is  sensitive 
to  light;  it  is  one  of  the  few  echinoderms  thus  far  investigated 
which  possesses  a  strong  physiological  polarity  as  regards  move- 
ment and  a  functionally  bilateral  structure;  it  is  compelled  so 
to  adjust  itself  in  a  field  of  light  that  the  effect  on  its  opposite 
sides  is  equalized. 

What  is  the  significance  of  these  findings  in  interpreting  the 
photic  reactions  of  starfishes,  ophiuroids  and  sea  urchins  which, 


s-as^ 
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Fig.  3  Details  in  the  orientation  of  an  animal  6  imn.  long,  of  which  an 
enlarged  dorsal  view  is  given.  Outlines  separated  laterally  to  avoid  confusion 
of  lines.  , 

in  contrast  to  H.  captiva,  move  toward,  or  away  from,  the  light 
without  orientation?  In  the  forms  which  have  hitherto  been 
studied,  there  is  no  pronounced  structural  or  physiological  promi- 
nence of  an  anterior  end  (of.  Cole  1913).  They  may,  then,  be 
regarded  as  animals  which  are  phototropic,  but  in  which  the 
part  which  is  the  effective  anterior  changes  with  the  altering 
of  external  (and  internal)   conditions.    This  explanation  also 
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applies  to  holothurians  like  Thyone  (Pearse  1908)'  and  (in  my 
experiments)  Cucumaria  punctata.  These  animals  are  not  nearly 
SO  sensitive  as  H.  captiva,  nor  is  their  structural  bilaterality  so 
marked;  in  particular,  functional  pedicels  are  in  Thyone  found 
all  over  the  body,  and  in  Cuciunaria  on  all  five  radia. 

V.  Holothuria  captiva  is  likewise  sensitive  to  shading  (Table 
2).  It  reacts  negatively  over  its  whole  surface  to  sudden  de- 
crease in  light  intensity,  but  is  not  reactive  to  an  increase  of 
intensity.  The  tentacles  are  the  most  sensitive;  the  order  of 
sensitivity  of  the  parts  of  the  animal  is  the  same  as  that  for  the 
direct  action  of  light.    It  is  probable,  therefore,  that  a  single 


Fig.  4    Orientation  by  lateral  light. 

photoreceptive  system  is  present,  which  is  capable  of  responding 
to  both  kinds  of  stimulating  agencies. 

A  detailed  review  of  the  literature  on  ' '  differential  sensitivity' '  * 
would  consist  almcrat  entirely  in  a  mere  catalog  of  the  reactions 
of  a  variety  of  anipials  to  shading,  or  to  increase  in  light  inten- 
sity, or,  rarely,  to  both.  Such  reviews  may  be  found  in  the  books 
of  Mast  (1914),  Kafka  (1914),  and  similar  works.    With  theexcep- 

'  Scott  (1914)  speaks  of  Thyone  as  being  "oriented  by  light,"  but  Beems  to 
nee  the  word  in  a  very  loose  sense. 

*  " DiSerential  sensitivity"  is  personally  preferred  to  Bancroft's  "differential 
senflibility"  (Bancroft,  1913);  both  are  equivalents  of  ''Unterschiedsempfind- 
lichkeit." 
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tion  of  V.  TJexkiill's  papers  (1897,  1900),  there  are  very  few 
recorded  facts  of  physiological  significance,  so  far  as  an  under- 
standing of  the  mechanism  involved  in  stimulation  is  concerned. 
It  may  be  pointed  out,  however,  that  writers  on  this  subject — 
Rawitz  (1888),  Nagel  (1896),  and  particularly  Hargitt  (1909) 
and  Verwom  (1913) — ^have  been  troubled  by  the  fact  that  a 
shadow,  "the  n^ation  of  light,''  can  produce  a  positive  sensory 
effect.  The  difficulty,  as  is  clear  from  the  discussion  of  Har^tt 
(1909),  and  Verwom  (1913,  pp.  41  et  seq.),  results  from  a  too 
superficial  view  of  the  natxire  of  a  "stimulus."  This  may  be 
seen  in  the  following  quotation  from  Verwom  (op.  cit.,  p.  44): 

.  ...  It  is  altogether  impracticable  to  define  the  stimulus  itself 
in  relation  to  the  nature  of  the  effect  which  the  stimulus  has 
upon  the  substancea  in  the  system.  One  can  only  appreciate  the 
nature  of  stimulation  in  relation  to  the  vital  conditions  and  without 
considering  the  nature  of  the  action  of  the  stimuli  on  the  living 
substance. 

So  far  as  I  can  discover,  this  statement  is  physiologically  mean- 
ingless. It  is  not  out  of  place;  in  this  connection,  to  insist  upon 
the  simplicity  of  the  view  that  when  a  sensory  cell  is  aroused 
to  activity  the  real  stimulus  is  the  changed  physico-chemical 
condition  within  the  cell,  or  at  its  surface  membrane. 

The  integument  of  Holothuria  is  provided  with  pigment  cells, 
in  relation  with  which  there  terminate  fibers  of  the  radial  nerve 
strands.  Polara  (1906)  suggested  that  these  were  the  organs 
of  a  diffuse  photic  sense.  If  we  picture,  possibly  located  in  these 
cells,  a  balanced  system  including  (1)  a  photosensitive  materia!, 
(2)  the  precursors  which  in  the  normal  course  of  metabolism  go 
to  produce  it,  and  (3)  the  products  of  its  photolytic  decomposi- 
tion, which  may  or  may  not  be  identical  with  its  precursors,  we 
have  all  the  essentials  of  a  mechanism  with  which  to  account 
for  the  photic  reactions  of  Holothuria.  The  photolysis  of  the 
substance  provides  the  stimulus  for  photokinetic  reactions  and 
phototropism,  while  the  abrupt  cessation  of  this  photolytic  action, 
or  the  re-institution  of  reconstructive  reactions  previously  in- 
hibited by  light,  is  the  stimulus  for  the  shading  reflex.    This 
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view  is  coneistent  with  the  electrical  behavior  of  the  excised  Verte- 
brate eye  under  similar  conditions  (Einthoven  and  Jolly,  1908). 

I  was  at  first  of  the  opinion  that  possibly  the  green  skin  pig- 
ment was  itself  the  photosensitive  material.  It  is  fluorescent, 
with  a  bluish-green  hght  like  uranium  glass,  and  water  or  alcohol 
extracts  containing  it  are  bleached  by  exposure  to  sunlight  and 
air.  But  this  conception  must  be  modified  in  view  of  subsequent 
experiments.  Fresh  neutral  or  alkaline  watery  extracts  of  the 
ddn  of  Holothuria  contain  this  pigment  and  an  abundant  supply 
of  a  catalasfr-like  enzyme.  They  are  not  bleached  rapidly  enough, 
even  with  the  addition  of  hydrogen  peroxide,  to  warrant  the 
belief  that  the  p^ment  is  normally  decomposed  by  light  to  any 
great  extent.  But  such  preparations  show  a  notable  acceleration 
in  the  evolution  of  oxygen  from  hydrogen  peroxide  when  they 
are  exposed  to  bright  sunlight,  which  disappears  on  return  to 
the  shade.  It  is  not  too  extreme  to  suggest  that  there  is  some 
relation  between  this  increase  in  peroxide  catalysis  and  the  fact 
that  nerve  processes  terminate  in  connection  with  the  surface 
of  the  pigment  cells.  R.  S.  Lilhe  (1913)  has  shown  that  in  frog 
leucocytes  the  most  rapid  oxidations  occur  at  the  nuclear  and 
plasma  membranes,  and  that  these  oxidations  are  increased  by 
stimulation. 

The  fluorescent  pigment  therefore  probably  acts  merely  as  a 
sensitizer.  The  theory  of  the  intimate  connection  of  this  pig- 
ment with  photoreception  is  supported,  not  only  by  the  wide- 
spread occurrence  of  fluorescent  substances  in  animal  photo- 
sensitive organs,  and  the  well-known  influence  of  such  mate- 
rials in  increasing  the  toxic  action  of  light  when  they  are  injected, 
but  also  by  the  following  observations  which  I  have  made  upon 
cases  occurring  in  nature: 

(o)  H.  siuinamensis  is  a  nocturnal  animal.  In  its  normal 
habitat  it  comes  during  the  night  to  the  surface  of  the  sandy 
mud  in  which  it  lives.  When  found,  as  is  occasionally  the  case, 
among  rocks,  the  surface  of  the  body,  excepting  the  tentacles 
and  podia,  is  covered  by  a  thin  firm  layer  of  dark  silt  held  by  a 
mucoid  secretion.  In  the  summer  of  1914  I  secured  four  indi- 
viduals of  this  species  which  were  found  on  the  upper  surface 
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of  atones  ia  fairly  bright  sunlit.  They  were  6  to  10  cm.  in 
length.  These  specimens  were  devoid  of  greenish  coloring  mat- 
ter, the  only  pigment  visible  beii^  the  dark  brown  melanoid 
which  usually  accompanies  the  fluorescent  material.  Though 
kept  in  the  laboratory  for  some  days,  these  animals  were  found 
to  be  totally  insensitive  to  shading  and  only  vaguely  photokinetic. 
They  did  not  orient  to  light. 

(6)  H.  surinamensis  and  small  H.  captiva  are  sometimes  found 
having  unmistakably  regenerated  anterior  or  posterior  ends.* 
Such  portions  are  notably  deficient  in  pigmentation  and  at  the 
same  time  give  evidence  of  a  lower  sensitivity  to  light  and  shad- 
ing than  that  possessed  by  the  normally  pigmented  tissues. 

(c)  In  the  three  Bermudan  species  of  Holothuria  the  order 
of  increasing  sensitivity  to  light  and  shading — ^H.  rathbuni  <  H. 
surinamensis  <  H.  captiva — is  exactly  that  of  the  relative  in- 
creasing amount  of  fluorescent  green  pigment  in  their  skins. 

(d)  It  is  a  general  rule,  certainly  true  of  holothurians  in  other 
responses,  that  the  activity  of  an  anunal  is  inversely  proportional 
to  its  size.  Comparing  the  number  of  shading  reactions  obtained 
from  animals  of  different  sizes  (Table  2),  it  will  be  seen  that  the 
smaller  individuals,  which  react,  in  general,  more  vigorously, 
are  more  quickly  exhausted.  The  pigmentation  of  the  very 
young  H.  captiva  (about  4-6  mm.  long),  however,  is  less  dense 
than  that  of  older  specimens,  and  these'  are  much  less  sensitive 
to  photic  stimxUation,  both  in  the  shading  reflex  and  in  photo- 
kinesis.  The  relative  times  occupied  in  orientation  to  light  of 
standard  intensity  will  illustrate  this  point  (see  the  trails  In 
figures  1  and  3,  and  Table  1). 


*  These  structures  io  H.  suriDamenBis  can  be  duplicated  by  regeneration  after 
experimental  cutting.  In  nature  they  are  probably  the  result  of  autotomous 
bisection.  I  can  confirm  tor  H.  captiva  the  statement  of  Dalyell  (1851)  that 
young  holothurians  undergo  spontaneous  self  division.  Larger  specimens  of  the 
species  last  mentioned  do  not  show  naturally  occurring  regeneration  and  do  not 
regenerate  in  the  laboratory.  In  this  respect  H,  captiva  ressmbles  the  majority 
of  the  genus  (Torelle,  1909). 
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1.  Holothtiria  captiva  Ludwig  is  pbotokinetic.  Its  whole  sur- 
face is  sensitive  to  light  and  to  shading.  It  gives  no  reaction  to 
an  increase  in  light  intensity.  The  order  of  sensitivity  of  its 
parts  is:  anterior  end  >  posterior  end  >  podia  >  mid-body 
surface. 

2.  Light  above  200  cm.  intensity  exerts  a  distuictly  toxic 
influence. 

3.  Like  H.  surinamensis,  the  animal  mores  only  with  the 
anterior  end  in  advance. 

4.  Unlike  starfishes,  sea-urchins,  and  less  pronouncedly  bilat- 
eral holothurians,  it  is  oriented  by  light.  It  is  negatively 
phototropic. 

5.  The  photoreceptive  mechanism  includes  the  action  of  the 
green  fluorescent  int^umentary  p^ment  as  sensitiser. 
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■  The  object  of  this  investigation  was  to  determine  what  effect 
is  produced  on  the  lens  and  on  the  aqueous  and  vitreous  humors 
by  radiation  from  a  Quartz  mercury  vapor  lamp,  a  Mazda  ni- 
trogen lamp,  an  electric  furnace  and  the  sun.  The  lenses  and 
the  aqueous  and  vitreous  humors  used  were  from  the  eyes  of  the 
pig  and  ox. 

I 

QUAHTZ   MERCURY  VAPOR   LAMP 

A  Cooper-Hewitt  quartz  mercury  vapwr  lamp  operatii^  at 
170  volts,  3.3  amperes  and  2400  candle  power  was  employed  in 
the  following  experiments.  Lenses  were  introduced  into  quartz 
tubes  1  cm.  in  diameter,  10  cm.  in  length  with  walls  approxi- 
mately 0.5  mm.  in  thickness.  The  diameter  of  a  lens  was  slightly 
greater  than  the  diameter  of  a  tube  so  that  the  tubes  were  com- 
pletely fUled  in  an  horizontal  direction.  A  quartz  tube  con- 
taining lenses  was  filled  with  egg  white.  Similarly  other  tubes 
were  filled  with  vitreous  humor,  aqueous  humor,  blood  serum 
and  distilled  water.  The  tubes  containing  the  different  kinds  of 
media  were  closed  with  rubber  stoppers  and  placed  horizontally 
1  cm.  beneath  the  surface  of  running  water  in  a  tank  under  the 
burner.  The  burner  operated  at  5  cm.  from  the  surface  of  the 
water. 

'  I  wish  to  express  my  thanks  to  Dr.  E.  P.  Hyde,  Director  of  Nels  Research 
Laboratory,  for  the  privilege  of  working  in  his  laboratory  and  to  the  members  of 
the  staff  for  their  help  in  this  investigation. 
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The  egg  white  in  the  quartz  tube  began  to  coagulate  after 
15  minutes'  exposure  to  the  light.  At  the  end  of  72  hours'  ex- 
posure the  egg  white  was  a  firm  coagulum  but  the  immersed 
lens  was  as  transparent  as  at  the  be^boning  of  the  experiment. 
At  the  end  of  120  hours'  exposure  a  shght  opacity  had  been 
produced  in  the  part  of  the  cortex  of  the  lens  directly  exposed 
to  the  light.  Parallel  experiments  were  carried  out  using  glass 
tubes  but  on  account  of  the  putrefaction  of  the  material  the  use 
of  the  glass  tubes  was  discontinued.  Putrefaction,  however,  did 
not  take  place  in  the  glass  tubes  for  40  or  50  hours  in  which  time 
there  was  scarcely  any  precipitation  of  the  egg  white.  This  is 
in  keepii^  with  the  well  known  fact  that  glass  transmits  very 
poorly  the  short  wave  lengths  of  the  spec^pmi  to  which  the  co- 
agulating property  of  the  quartz  mercury  vapor  lamp  is  due. 

The  vitreous  humor  in  the  quartz  tube  became  slightly  turbid 
after  24  hours'  exposure  to  the  light  while  the  transparency  of  the 
lens  inmiersed  in  it  was  unaltered.  At  the  end  of  72  hours'  ex- 
posure the  vitreous  humor  had  become  opaque  while  the  trans- 
parency of  the  lens  was  still  unchanged  except  for  the  part  di- 
rectly exposed  to  the  light.  This  part  was  covered  by  a  thin 
cloudy  film.  A  quartz  tube  fiUed  with  clear  vitreous  humor  but 
containing  no  lens  was  exposed  to  the  light  for  150  hours.  At 
the  end  of  this  time  there  was  a  very  slight  cloudiness  in  the  ma^ 
terial  in  marked  contrast  to  the  opacity  of  the  humor  in  the  pre- 
ceding experiment  in  which  the  lens  had  been  immersed  during 
the  72  hours'  exposure  to  the  light. 

The  aqueous  humor  in  the  quartz  tube  in  which  a  lens  was 
immersed  became  slightly  turbid  after  24  hours  and  opaque 
after  72  hours  but  the  transparency  of  the  immersed  lens  was 
very  little  affected.  A  quartz  tube  filled  with  aqueous  humor 
but  containing  no  lenses  was  exposed  to  the  light  for  a  period  of 
150  hours  with  absolutely  no  change  in  the  clearness  of  the 
liquid.  As  in  the  case  of  the  vitreous  humor  this  clearness  was 
in  marked  contrast  to  the  opaqueness  of  the  aqueous  humor  in 
which  a  lens  had  been  immersed  during  the  experiment. 

On  exposure  of  the  quartz  tube  containing  the  lenses  im- 
mersed in  distilled  water  the  liquid  became  turbid  in  45  minutes. 
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After  72  hours'  exposure  the  transparency  of  the  lenses  was 
scarcely  ^ected. 

Lenses  immersed  in  blood  serum  contained  in  quartz  tubes 
were  exposed  to  the  Hght.  The  serum  was  obtained  by  centri- 
fugaUzing  defibrinated  pigs'  blood.  After  15  hours  the  serum 
became  slightly  turbid  and  after  72  hours  it  was  opaque.  At 
that  time  there  was  a  slight  cortical  opacity  on  the  part  of  the 
lens  directly  exposed  to  the  hght. 

II 

MAZDA  NrntOGEN-FILLED   LAMP 

A  750  Watt,  nitrogen-filled  Mazda  lamp  operating  at  0.6 
Watt  per  candle  power  was  used.  By  means  of  a  pltuio-convex 
glass  lens  having  a  diameter  of  4  inches  and  a  focal  distance  of 
approximately  12  inches  an  image  of  the  filament  of  this  lamp 
was  focused  about  1  mm.  below  the  upper  surface  of  the  materials 
used.  The  materials  were  similar  to  those  on  which  the  radiation 
from  the  quartz  mercury  vapor  lamp  was  studied,  viz.,  lenses 
immersed  in  egg  white,  in  vitreous  humor,  in  aqueous  humor, 
in  blood  serum  and  in  distilled  water.  The  lenses  immersed  in 
these  media  were  exposed  to  the  light  as  described  both  in  quartz 
tubes  and  directly  in  open  mouthed  vessels.  In  no  case  was  any 
apparent  effect  produced  either  in  the  media  or  in  the  immersed 
lenses. 

Ill 

ELECTRIC   FURNACE 

The  electric  furnace  employed  was  If  inches  in  diameter,  2J 
inches  in  depth  with  a  heating  coil  of  platimun  wire  imbedded 
in  clay  and  operating  at  a  temperature  of  approximately  1000°C. 
The  materials  were  similar  to  those  used  in  the  experiments 
with  the  quartz  mercury  vapor  lamp,  viz.,  lenses  immersed  In 
egg  white,  in  vitreous  humor,  in  aqueous  humor,  in  blood  serum 
.  and  in  distilled  water.  A  glass  tube  5  cm.  in  lei^th  and  li  cm. 
in  diameter  was  fiUed  to  a  depth  of  3  cm.  with  each  of  these  media 
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in  turn.  A  float,  made  of  thia  circular  cork,  cut  to  fit  the  tube, 
with  a  hole  in  the  center  approximately  1  cm.  in  diameter  was 
prepared.  The  lens  was  fitted  into  the  hole  in  the  float  and  held 
in  position  by  means  of  a  small  piece  of  gauze  stretched  across 
the  under  side  of  the  float  and  attached  to  its  edges.  The  float 
with  the  attached  lens  was  introduced  into  the  test  tube  onto  the 
surface  of  the  medium  for  the  experiment  in  question.  With 
such  an  arrangement  the  float  and  the  entire  lens  except  its  very 
upper  surface  were  covered  with  the  medium.  The  tube  thus 
prepared  was  clamped  into  position  in  a  tank  of  running  water 
80  that  the  material  within  the  tube  was  1  cm.  below  the  surface 
of  the  running  water  outside  the  tube.  The  electric  fm-nace 
heated  to  an  intense  red  heat,  and  suspended  over  the  mouth  of 
the  furnace,  was  15  cm.  from  the  top  surface  of  the  lens.  The 
lens  was  exposed  to  the  radiation  from  the  furnace  at  this  dis- 
tance for  24  hours.  There  were  indications  at  the  end  of  this 
time  of  drying  at  the  surface  of  the  lens,  but  in  none  of  the  experi- 
ments was  opacity  produced  when  the  furnace  was  15  cm.  from 
the  material.  When  the  furnace  was  operated  at  a  distance  of 
5  cm.,  the  upper  surface  of  the  lens  was  made  opaque  in  15  to 
20-minutes.  On  placing  a  thermometer  on  the  surface  of  the  lens 
under  these  conditions  there  was  found  a  rise  of  temperature  to 
as  much  as  65°C.  The  obvious  conclusion  is  that  the  opacity 
was  due  to  the  heat  effect  and  not  to  the  radiation. 

IV 


Apparatus  similar  to  that  used  in  the  experiments  with  the 
electric  furnace  was  employed.  The  tank  of  running  water 
was  replaced  by  a  vessel  containing  a  mixture  of  ice  and  salt. 
The  image  of  the  sun  was  focused  on  the  lens  by  means  of  a 
pl^no-convex  glass  lens  4  inches  in  diameter  and  having  a  focal 
distance  of  about  12  inches.  In  this  way  opacity  of  the  lenses 
could  be  produced  in  a  few  minutes,  but  in  every  case  the  ther- 
mometer showed  that  there  was  a  great  rise  of  temperature  in ' 
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Mid  around  the  lens.    Presumably  the  opacity  in  this  case  is 
due  to  the  heat  effect  as  in  the  case  with  the  electric  fiunace. 

These  experiments  show  that  it  is  practically  impossible  to 
precipitate  the  native  protein  of  the  lens  and  of  the  aqueous  and 
vitreous  humors  of  the  eye  by  means  of  radiant  energy.  In 
confirmation  of  the  work  of  others  they  also  show  that  egg  white 
and  blood  senun  are  very  easily  coagulated  by  ultra  violet  radi- 
ation, while  the  longer  wave  lengths  in  the  visible  spectrum  and 
in  the  infra  red  have  no  such  effect.  They  also  show  that  the 
protein  of  the  lens,  extracted  by  means  of  distilled  water  and  by 
means  of  the  aqueous  and  vitreous  humors,  is  easily  precipitated 
by  the  short  wave  lengths  of  the  spectrum. 

Dreyer  and  Hanssen*  and  others  have  shown  that  practically 
all  the  ordinary  proteins  can  be  precipitated  with  more  or  less* 
ease  by  ultra  violet  radiation.  In  view  of  the  experiments  just 
described  it  would  seem  that  the  protein  of  the  lens  offers  a  con- 
spicuous exception  to  the  generalization  in  that  it  is  practically 
impossible  to  coagulate  its  protein  by  means  of  ultra  violet  rays. 
In  the  development  of  cataract  the  lens  becomes  opaque  and 
the  most  plausible  assimiption  is  that  this  opacity  is  due  to  the 
precipitation  of  its  protein.  As  a  matter  of  fact  it  is  difficult  to 
understand  how  opacity  could  be  produced  in  any  other  way. 

Analyses*  of  normal  and  cataractous  human  lenses  ^ow  that 
in  cataract  there  is  a  great  increase  over  the  normal  in  the  amount 
of  certain  salts.  This  fact  suggested  that  it  might  be  possible 
to  alter  the  lens  protein  by  means  of  these  salts  so  that  it  would 
be  posable  for  radiant  enei^,  particularly  the  ultra  violet,  to 
coagulate  the  altered  protein.  The  result  of  the  analyses  of 
many  hundreds  of  normal  and  cataractous  lenses  may  be  seen 
in  the  accompanying  table  which  gives  the  average  result  as 
estimated  for  a  single  lens.  The  human  cataractous  lenses  were 
obtained  from  different  parts  of  the  United  States  and  from 
India. 

'  Dreyer  and  Hanssen;  Comptea  B^odus,  lB07,  cxlv,  234. 
'  Surge:  ArehiveH  of  Ophthalmology,  1909,  xxxviii,  447. 
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TABLE  1 


in 


S5a 


Nonoal  sdult  human  lens. 
Normal  adult  pig's  leOB. , 

Embryo  human  lens 

Cataract      human      tens 

(United  States) 

Cataract  human  lens  (In- 
dU) 


1.40 
3.40 
0.25 


I  12.50    8.00|  ^ 
6.00 


This  table  gives  the  percentage  composition  as  estimated  for  a 
'rangle  lens.  It  may  be  seen  from  the  table  that  in  the  human 
cataractous  l^is  the  percentage  of  potassium  in  the  ash  is  greatly 
reduced  while  the  percentages  of  calcium,  magnesium  and  so- 
dium are  greatly  increased  over  the  amounts  existing  in  the 
normal  lens.  In  cataractous  lenses  obtained  from  the  United 
States  there  was  no  indication  of  silicate  while  those  from  India 
contained  distinct  amounts  of  the  silicates  of  potassium,  calcium 
and  possibly  of  sodium.  What  conditions  caused  such  a  marked 
depo^tion  of  silicate  in  the  cataractous  Indian  lenses  cannot  be 
stated. 

With  the  results  of  these  analyses  in  mind  and  the  facts  that 
cataract  is  found  as  a  complication  of  diabetes  and  that  its 
occurrence  is  frequent  among  glass  blowers  experiments  wq% 
performed  using  the  same  apparatus  as  in  the  preceding  experi- 
ments but  with  i^  calcium  chloride,  m  dextrose,  m  potas- 
sium chloride  and  very  dilute  solutions  of  magnesium  chloride 
and  of  sodium  silicate  as  media  for  the  lenses  in  place  of  the  egg 
white,  the  sarum,  the  eye  humors  and  distilled  water  employed 
in  the  previous  experiments.  It  was  found  that  these  strengths 
of  solutions  had  no  effect  upon  the  transparency  of  lenses  im- 
mersed in  them  for  72  hours,  or  longer,  in  the  dark  or  in  ordinary 
day  light.  The  exposure  of  lenses  immersed  in  sunilar  solutions 
to  the  radiations  from  the  nitrogen-filled  Mazda  lamp,  from  the 
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electric  furnace  and  from  the  sun  produced  no  change  in  the 
transparency  of  the  lenses,  as  also  had  been  the  case  yfhea  e^ 
white,  serum  and  the  eye  humors  were  used  as  media.  However 
when  lenses  immersed  in  the  sugar  and  salt  solutions  were  ex- 
posed to  the  radiation  from  the  quartz  mercury  vapor  lamp 
quite  different  results  were  obtained. 

The  lenses  were  placed  in  quartz  tubes  containing  the  dif- 
ferent media.  The  tubes  were  stoppered  and  permitted  to  stand 
for  2  hours.  At  the  end  of  this  period  the  tubes  containing 
the  lenses  and  media  were  placed  horizontally  under  the  burner 
in  a  tank  of  running  water  1  cm.  beneath  the  surface  of  the 
water. 

On  exposure  of  the  quartz  tube  containing  the  lenses  im- 
mersed in  ^  calciiuu  chloride  the  hquid  became  turbid  in  15 
minutes.  The  part  of  the  lens  directly  exposed  to  the  light 
became  more  and  more  opaque  and  at  the  end  of  72  hours  the 
half  of  the  lens  directly  exposed  to  the  light  had  become  an 
opaque  mass  while  the  opposite  half  remained  almost  perfectly 
transparent. 

Lenses  that  had  been  standing  in  ^  dextrose  for  2  hours 
were  exposed  to  the  hght.  The  Uquid  in  the  quartz  tube  con- 
taining the  lenses  became  turbid  in  40  minutes.  The  part  of 
the  cortex  of  the  lens  on  the  ^de  next  to  the  hght  had  become 
somewhat  opaque  in  this  time.  This  opacity  after  72  hours' 
exposure  had  increased  until  it  was  about  .5  mm.  in  depth, 
while  the  part  of  the  lens  away  from  the  hght  was  very  shghtly 
opaque. 

On  exposure  of  the  tube  containing  lenses  in  ,^  potassium 
chloride  the  liquid  became  turbid  after  50  minutes  and  after 
72  hours  there  was  a  gross  suspension  in  the  Uquid.  The  part 
of  the  cortex  on  the  side  next  to  the  light  had  become  at  this 
time  opaque  while  the  opposite  part  of  the  lens  ranained  trans- 
parent. 

Lenses  were  placed  in  approximately  j'So  magnesium  chloride 
solution  for  2  hours.  On  expfosure  to  the  Ught  the  hquid  became 
turbid  in  about  an  hour.  The  part  of  the  lens  directly  exposed 
to  the  light  became  a  dense  opaque  mass  after  72  hours'  exposure 
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while  the  part  not  directly  exposed  to  the  light  had  become  only 
slightly  opaque. 

Lenses  were  placed  in  a  very  dilute  solution  of  sodium  silicate 
for  2  hours.  On  ^cposure  the  same  results  were  obtained  as 
with  the  magnesium  chloride. 

These  experiments  show  that  it  is  possible  to  modify  the  lens 
protein  in  such  a  way  that  ultra  violet  radiation  will  precipitate 
it,  whereas  when  the  protein  is  not  modified  the  radiation  will 
not  precipitate  it. 

It  is  possible  to  produce  opacity  of  lenses  by  immersion  in  any 
of  the  above  solutions  but  to  do  this  it  is  necessary  that  these 
solutions  be  much  stronger  than  those  used  in  the  experiments 
fpven  above  and  also  much  stronger  than  ev^  occurs  in  the 
living  animal.  For  example,  it  requires  a  15  per  cent  potassium 
chloride  solution  to  produce  nuclear  opacity  and  a  10  per  cent 
dextrose  or  1  per  cent  calcitmi  chloride  solution  to  produce  cor- 
tical opacity.  In  trial  experiments  I  had  found  that  lenses  im- 
mersed in  a  12  per  cent  potassium  chloride  solution  never  de- 
veloped nuclear  cataract,  those  immersed  in  a  13  per  cent  potas- 
sium chloride  solution  occasionally  developed  it  after  about  12 
hours  and  those  immersed  in  a  15  per  cent  potassium  chloride 
solution  always  developed  this  opacity  after  about  6  hours.  The 
transparency  of  the  cortex  of  the  lenses  in  which  nuclear  opacity 
had  developed  was  not  noticably  effected.  The  fact  that  15  per 
cent  potassium  chloride  will  produce  nuclear  opacity  in  a  lens 
suggests  the  possibihty  of  a  relation  between  the  production  of 
this  type  of  cataract  and  this  salt.  The  following  experiments 
were  devised  to  determine  if  the  short  wave  lengths  would  in- 
fluence the  production  of  nuclear  cataract  by  potassium  chloride. 

Lenses  were  introduced  into  a  12  per  cent  potassitma  chloride 
solution  and  were  exposed  to  the  radiation  of  the  quartz  mer- 
cury vapor  burner.  No  opacity  of  the  nucleus  was  produced 
after  12  hours  either  in  the  lens  exposed  to  the  radiation  or  in 
the  control  experiment  in  which  the  lens  was  not  exposed.  Sev- 
eral lenses  were  introduced  into  a  13  per  cent  solution  of  po- 
tassium chloride  and  were  exposed  to  the  radiation.  After  12 
hours  the  nuclei  of  three  of  the  lenses  became  opaque  while  the 
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nuclei  of  the  remainii^  lenses  were  transparent.  In  the  control 
experiment  in  which  lenses  were  immersed  in  the  same  strength 
of  potassium  chloride  but  not  exposed  to  the  radiation  the  nuclei 
of  two  of  the  lenses  became  opaque,  while  the  nuclei  of  the  four 
remaining  lenses  were  transparent.  Lenses  were  introduced  into 
a  15  per  cent  potassium  chloride  solution  and  were  exposed  to 
the  radiation.  Opacity  of  the  nuclei  of  all  of  these  lenses  devel- 
oped after  about  6  hours.  The  nuclei  of  the  lenses  in  the  control 
experiment  became  opaque  in  about  the  same  time. 

From  these  experiments  it  may  be  concluded  that  ultra  violet 
radiation  cannot  produce  nuclear  opacity  in  lenses  immersed  in 
potassium  chloride  of  a  strength  slightly  less  than  that  of  a 
solution  capable  of  producing  nuclear  opacity  itself,  and  that 
ultra  violet  cannot  hasten  the  production  of  this  opacity  when 
the  lenses  are  in  solutions  which  are  of  themselves  strong  enough 
to  produce  it. 

In  the  above  experiments  urang  potasaum  chloride  the  liquid 
surrotmding  the  lens  became  tiirbid  after  a  short  period.  It 
might  be  objected  that  the  ultra  violet  radiation  had  no  effect 
on  the  development  of  nuclear  opacity  because  the  radiation 
did  not  reach  the  nucleus,  being  absorbed  or  scattered  by  the 
opaque  hquid  surrounding  the  lens.  Experiments  were  carried 
out  with  the  view  of  meeting  this  objection.  A  lens  was  cut 
in  equal  parts,  one-half  of  the  nucleus  being  left  in  each  half 
of  the  lens.  One  of  the  halves  was  wedged  into  a  quartz  tube 
so  that  the  cut  surface  was  pressed  firmly  against  the  side  of  the 
tube.  The  tube  was  then  filled  with  a  12  per  cent  potassium 
chloride  solution,  stoppered  and  placed  under  the  burner  with 
the  nucleus  exposed  directly  to  the  radiation.  The  exposure 
was  continued  for  48  hours.  At  the  end  of  this  time  the  nucleus 
showed  no  indication  of  opacity.  A  similar  experiment  was 
carried  out  using  15  per  cent  potassium  chloride.  The  opacity 
of  the  nucleus  of  the  half  of  the  lens  exposed  to  the  radiation 
developed  after  about  6  hours.  The  opacity  of  the  nucleus  in 
the  control  experiment  developed  in  about  the  same  time. 

Another  fact  against  the  assumption  that  potassium  chloride 
is  concerned  in  the  production  of  nuclear  cataract  is  found  in 
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the  analyses  of  the  nuclei  of  cataractous  lenses.  These  nuclm 
did  not  show  any  increase  in  the  content  of  potassium  over  the 
normal  lens,  but  in  keeping  with  cataractous  lenses  generally 
show  .a  marked  decrease  in  potassium.  All  this  evidence  would 
seem  to  indicate  that  potassium  salts  are  not  concerned  in  the 
production  of  nuclear  cataract.  On  the  other  hand  experi- 
ments carried  out  in  the  course  of  this  investigation  indicate  that 
calciimi,  magnesiimi,  dextrose  and  silicate  may  play  an  im- 
portant rdle  in  the  production  of  cataract  in  that  these  substances 
modify  the  lens  protein  in  such  a  way  that  ultra  violet  radiation 
can  precipitate  it. 

Experiments  were  carried  out  using  the  Fuess  quartz  specto- 
graph  in  order  to  determine  which  wave  lengths,  emitted  by  the 
quartz  mercury  vapor  lamp,  caused  the  precipitation  in  the 
modified  lens  protein. 

Clear  fresh  egg  white  was  introduced  into  a  quartz  cell.  The 
cell  was  made  of  two  quartz  disks  4  em.  in  diameter  and  1.2 
mm.  thick.  These  disks  were  separated  by  a  ring  of  hard  rubber 
0.8  mm.  thick  with  an  inside  diameter  of  3.8  cm.  By  means 
of  the  spectrograph  the  spectrum  from  an  800  candle  power 
quartz  mercury  vapor  lamp  was  focused  on  the  egg  white  in  the 
cell.  The  slit  of  the  spectrograph  was  I  mm.  wide  and  the 
burner  was  placed  3  em.  from  the  slit.  The  coagulation  of  the 
e^  white  began  after  15  hours  towards  the  extreme  end  of  the 
ultra  violet  in  the  form  of  a  well  defined  band  of  white  co^u- 
liun  corre£^nding  in  position  to  that  of  an  intense  band  of  the 
spectrum  marked  "a"  on  the  accompanying  photograph.  Al- 
though "a"  appears  as  one  intense  band  it  is  in  reaUty  composed 
of  three  fused  bands  of  wave  lengths  2G5.2fin,  265.Sfin  and  265.5/ip, 
respectively.  At  the  end  of  24  hours  three  more  bands  of  coagu- 
lated egg  white  were  to  be  seen  corresponding  in  position  to  three 
other  bands  in  the  spectrum,  "b,"  "c"  and  "d,"  wave  lengths 
289.3juiu,  296.3^j«  and  302.  W,  respectively.  From  these  re- 
sults it  would  appear  that  the  effective  region  in  producing  coag- 
ulation of  the  egg  white  is  between  265/iji  and  302p/i  and  that 
the  most  effective  region  is  around  265wt  for  the  quartz  mer- 
cury arc. 
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Five  Ibises  were  extracted  with  0.25  per  cent  calcium  chloride 
for  2  hours.  At  the  end  of  this  time  the  clear  llqiiid  was  intro- 
duced into  the  same  quartz  cell  and  exposed  in  the  same  manner 
as  the  egg  white  had  been.  At  the  end  of  15  hours  there  could 
be  seen  one  delicate  white  band  of  coagulated  lens  protein,  fairly 
well  defined,  corresponding  in  position  to  the  same  intense  band 
in  the  idtra  violet  region  where  the  egg  white  was  first  coE^ulated, 
marked  "a"  in  the  photograph.  At  the  end  of  24  hours'  exposure 
ihete  had  appeared  two  more  dehcate  white  bands,  more  or  less 


Photograph  ot  Spectograph  Plate* 

well  defined,  of  coagulated  lens  protein.  These  two  bands  cor- 
responded in  position  to  the  same  two  bands  in  the  ultra  violet 
region  of  the  spectrum  where  the  egg  white  was  coagulated  after 
24  hours,  marked  "b"  and  "c"  on  the  photograph.  In  place 
of  the  other  band  where  the  egg  white  was  precipitated,  marked 
"d"  on  the  photograph,  there  was  an  ill-defined  hazy  precipita- 
tion of  lens  protein.  The  same  conclusion  can  be  drawn  re- 
garding the  precipitation  of  modified  lens  protein  as  was  drawn 
regarding  the  precipitation  of  egg  white,  viz.,  that  the  effective 
*By  M.  Luckiesh. 
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region  is  from  265w<  to  302mu  inclusive,  and  that  the  most  effec- 
tive region  lies  atound  265wi>* 

It  is  known  that  cataract  may  be  a  complication  of  diabetes. 
In  this  disease  it  is  also  known  that  si^^  is  increased  in  the 
blood  and  in  the  body  fluids  and  presumably  in  the  eye  media. 
This  increase  of  sugar,  however,  is  not  of  sufficient  strength 
of  itself  to  produce  opacity  of  the  lens  so  there  must  be  another 
factor  involved.  The  experiments  cited  in  this  paper  showing 
the  effect  of  ultra  violet  radiation  on  the  protein  of  the  lens 
modified  by  sugar  would  suggest  that  ultra  violet  radiation  is 
the  other  factor.  The  normal  lens  absorbs  wave  lengths  be- 
tween S50nn  and  300w  and  transmits  wave  lengths  loiter  than 
these.  These  absorbed  short  wave  lengths  do  not  normally  pro- 
duce opacity  in  the  lens.  The  experiments  show  that  very  weak 
solutions  of  sugar  can  modify  the  protein  of  the  lens  so  that  the 
absorbed  short  wave  lengths  are  able  to  precipitate  the  protein. 
The  assumption  that  might  be  made  in  the  case  of  diabetic  cat- 
aract is  that  the  sugar  present  in  the  humors  of  the  eye  modifies 
the  lens  protein  so  that  the  short  wave  lengths  can  bring  about 
the  precipitation.  In  other  words,  of  two  factors  that  may  be 
involved  in  the  production  of  cataract,  ultra  violet  radiation  and 
a  modification  of  the  protein,  the  latter  factor  is  exaggerated  in 
the  production  of  diabetic  cataract. 

Glass  blower's  cataract,  on  the  other  hand,  would  seem  to 
offer  a  case  in  which  the  radiant  enei^  factor  is  increased.  It 
is  known  that  cataract  occurs  more  frequently  among  glass 
blowers  than  among  people  generally.  Crookes'  found  the  ra- 
diation from  molten  glass  in  the  glass  blower's  fiunace  to  be  very 
rich  in  red  and  infra  red  and  for  this  reason  he  concludes  that 
glass  blower's  cataract  is  due  to  the  long  wave  lengths.  He 
fotmd  that  the  radiation  from  the  furnace  was  poor  in  short 
wave  lengths.  On  the  other,  hand  Schanz  and  Stockhausen* 
found  the  radiation  from  molten  glass  in  the  glass  blower's  fur- 

'  These  wave  lengths  were  determined  by  Dr.  F.  M.  Sohuttz  of  the  University 
of  Illinois. 

'  CTOokea:PhtloBophicalTranBactionH,  Royal  Society  of  London,  1S14,  A-SOO. 
■  Schans  und  Stoekhausen;  v.  Greafe  Archiv  f.  Ophthal.,  1910,  Ixxiii,  553. 
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ziace  to  be  especially  rich  in  the  region  of  the  short  wave  lengths. 
Hence,  contrary  to  Crookes'  assumption,  they  conclude  that 
glass  blower's  cataract  is  due  to  the  short  wave  lengths.  It 
seems  to  me  that  several  objections  could  be  raised  to  the  as- 
sumptions of  Schanz  and  Stockhausen  as  well  as  to  those  of 
Crookes.  Experiments  reported  in  this  paper  in  which  normal 
pig's  lenses  were  exposed  to  infra  red,  red  and  ultra  violet  radia- 
tions without  the  production  of  opacity  certainly  do  not  bear  out 
the  conclufflons  of  these  investigators.  The  constitution  of  the 
normal  human  lens  is  more  or  less  constant,  the  quality  and 
quantity  of  radiation  from  the  glass  blower's  furnace  is  more 
or  less  constant.  If  the  radiation  from  the  glass  blower's  fur- 
nace, whether  it  be  infra  red,  red  or  ultra  violet,  be  the  only 
thing  involved  in  the  production  of  gjass  blower's  cataract  why 
is  it  that  some  glass  blowers  develop  cataract  while  oth^s  do 
not?  The  fact  that  a  large  percentage  of  glass  blowers  do  not 
develop  cataract  althoi^  their  lenses  are  subjected  to  the  same 
quantity  and  quality  of  radiation  as  in  the  case  of  those  who  do 
develop  cataract  would  sean  to  imply  the  existence  of  another 
factor  than  the  radiation.  The  fact  that  the  normal  lens  pro- 
tein cannot  be  precipitated  by  radiant  energy  while  this  nor- 
mal protein  can  be  so  modified  by  chemical  substances,  amilar 
to  those  foimd  in  cataractous  lenses,  that  the  short  wave  lei^ths 
in  the  spectrum  become  effective  in  this  respect  would  appear 
to  indicate  as  a  second  factor,  a  modification  of  the  lens  protein. 
The  combination  of  the  two  factors  named  seems  to  offer  an  ieiqila- 
nation  of  the  fact  that  a  relatively  small  percentage  of  glass 
blowers  develop  cataract  while  a  large  percentage  although  work- 
ing imdec  the  same  conditions  do  not  develop  it.  It  may  be 
assumed  that  the  relatively  small  percentage  of  glass  blowers 
who  develop  cataract  have  a  more  or  leas  disturbed  condition 
of  nutrition  expresdng  itself  in  an  increase  of  sugar,  calciiun, 
magnesiimi  or  some  other  substance  which  can  so  modify  the 
lens  protein  that  the  diort  wave  lengths  of  the  spectrum  are  able 
to  precipitate  it.  Assuming  that  nutritional  disturbances  are 
as  frequent  among  workers  in  other  occupations  as  wnong  glass 
,  blowers  the  prevalence  of  cataract  among  glass  blowers  would 
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then  be  explained  by  the  excess  of  the  radiant  enei^  factor. 
If  these  assumptions  are  true  then  a  ghiss  blower  who  has  dia- 
betes should  develop  cataract  very  rapidly.  ,  There  are  cases  on 
record  both  among  glass  blowers  and  others  where  opacity  of  the 
lens  once  begun  developed  very  rapidly.  Unfortunately  there 
are  no  data,  so  far  as  I  have  been  able  to  fiijd,  which  would  con- 
nect these  cases  with  the  asstmiptions  made  so  that  the  explana- 
tion suggested  is  based  solely  on  the  experiments  reported  in  this 
paper. 

The  prevalence  of  cataract  in  the  tropics  has  been  noted 
frequently.  For  instance  Colonel  Henry  Snuth,'  who  kindly 
furnished  the  cataractous  Indian  lenses  for  the  analyses  referred 
to  in  this  paper,  has  already  performed  in  India  more  than 
thirty  thousand  operations  for  cataract.  It  may  be  recalled 
that  the  analyses  of  these  lenses  show  the  presence  of  a  large 
amount  of  silicate.  It  will  be  remembered  also  that  silicate  is 
one  of  the  substances  which  modifies  the  lens  protein  in  such 
a.  way  that  the  short  wave  lengths  can  precipitate  it.  It  is 
known  that  tropical  Ught  is  comparatively  rich  in  ultra  violet. 
A  plausible  explanation  of  the  prevalence  of  cataract  in  India 
may  be  found  in  the  combined  effect  of  the  presence  of  silicate 
in  the  lens  and  of  the  comparatively- great  amount  of  ultra 
violet  radiation. 

If  the  short  wave  lengths  are  permitted  to  fall  on  serum  albu- 
men or  serum  globuhn,  on  e^  albumen  or  egg  globulin,  vitellin, 
etc.,  they  are  absorbed  and  these  substances  sooner  or  later  co- 
agulate. The  rapidity  with  which  this  cot^Eulation  takes  place, 
other  things  being  equal,  depends  upon  the  intensity  of  the 
ultra  violet  radiation.  In  view  of  the  fact,  that  practically  all 
proteins  can  be  precipitated  by  means  of  the  short  wave  lengths, 
the  question  naturally  arises  why  is  it  almost  impossible  to  pre- 
cipitate the  unmodified  lens  protein  by  similar  wave  lengths? 
The  fact  that  it  cannot  be  precipitated  would  point  to  an  adap- 
tive provision  which  needs  explanation. 

The  lens  possesses  the  property  known  as  fluorescence,  i.e., 

'  Tiffany:  Indian  Medical  Gaeette,  1914,  xlix,  326. 
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it  absorbs  the  shorter  waves  and  radiates  this  absorbed  enei^ 
in  the  form  of  longer  waves.  It  may  be  assumed  that  in  this 
manner  the  lens  disposes  of  more  or  less  of  the  energy  of  the 
absorbed  short  waves  and  hence  no  coagulation  of  the  protein 
occurs.  I  have  found  that  those  substances,  calcium  chloride, 
etc.,  which  modify  the  lena  protein  in  such  a  way  that  the  short 
waves  can  precipitate  it  at  the  same  time  decrease  the  fluores- 
cence of  the  lens.  This  observation  lends  support  to  the  as- 
sumption that  the  fluorescing  property  of  the  lens  protects  its 
protein  from  precipitation  by  ultra  violet  radiation.  However, 
I  realize  that  this  is  merely  a  provisional  hypothesis  which  muBt 
be  tested  by  further  experiments. 


1.  Radiation  from  a  quartz  mercury  vapor  lamp  which  is 
su:£ciently  intense  to  coagulate  e^  albimien,  egg  globulin,  vi- 
tellin,  serum  albumen  and  serum  globulin  in  1  hour  does  not 
coagulate  the  protein  of  the  normal  lens  or  of  the  vitreous  or 
aqueous  htmiors  and  hence  does  not  affect  the  transparency  of 
these  structures  after  a  continuous  exposure  of  100  hours. 

The  region  of  the  ultra  violet  spectrum  effective  in  coagu- 
latii^  the  e^  white  lies  between  265^  and  302^^.  The  region 
mc^t  effective  lies  around  265^. 

2.  The  lens  protein  can  be  modified  by  solutions  of  calcium 
chloride,  magnedum  chloride,  sodium  silicate  or  dextrose  too 
weak  of  themselves  to  affect  the  transparency  of  the  lera  so 
that  ultra  violet  radiation  can  precipitate  the  modified  lens  pro- 
tein and  hence  produce  opacity  of  the  lens.  The  effective  region 
in  case  of  modification  by  calcium  chloride  is  from  265tin  to  302;i^ 
inclusive.    The  most  effective  region  lies  around  2Q5ftn. 

3.  Analyses  of  senile  cataractous  hiunan  lenses  show  that  cal- 
cium, magnefdum,  and  in  lenses  from  India,  silicates  are  greatly 
increased  in  this  type  of  cataract.  The  assumption  is  made  that 
the  accumulation  of  these  substances  modifies  the  lens  protein 
in  such  a  way  that  the  short  waves  of  the  spectnmi  can  pre- 
cipitate the  protein  thus  producing  opacity  or  cataract. 
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4.  The  assumption  is  made  in  the  case  of  diabetic  cataract 
that  the  accumulation  of  sugar  in  the  liquids  of  the  body  so 
modifies  the  lens  protein  that  the  short  waves  of  the  spectrum 
can  produce  opacity,  hence  the  prevalence  of  cataract  in  this 


5.  The  above  named  substances  which  so  alter  the  lens  pro- 
tein that  the  short  waves  can  precipitate  it  at  the  same  time 
decrease  the  fluorescence  of  the  lens.  This  su^ests  that  there 
may  be  stone  relation  between.this  latter  property  and  the  great 
resistance  of  the  normal  lens  protein  to  ultra  violet  radiation. 

6.  In  looking  for  the  cause  of  cataract  it  would  seem  that 
at  least  two  factors  are  to  be  considered,  the  one,  a  modification 
of  the  lens  protein,  and  the  oth^,  radiation  of  short  wave  lengths 
by  which  this  modified  protein  can  be  coagulated. 

7.  Badiatiou  from  the  infra  red,  or  the  viable  regions  of  the 
spectrum  cannot  coi^pilate  ather  the  modified  or  the  immo<U- 
fied  lens  protdn  provided  the  coagulation  due  to  heat  be  excluded. 
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The  gastric  hunger  contractions  are  inhibited  by  mechanical 
and  chemical  stimulation  of  the  nerve  endings  in  the  mucous 
membrane  of  the  mouth,  the  esophagus  and  the  stomach.*  This 
insures  inhibition  of  the  hunger  contractions  during  mastication 
and  gastric  digestion.  The  gastric  hunger  mechanism  receives 
motor  or  tonic  innervation  via  the  vagi.  The  central  connec- 
tions of  this  tonus  innervation  appear  to  be  practically  isolated 
from  all  normal  reflexes,  while  the  inhibitory  mechanism  via 
the  splanchnic  nerves  is  very  rapidly  called  into  activity  reflexly.* 
The  foregoing  facts  appear  to  have  only  two  alternative  explana- 
tions as  r^ards  the  positive  control  of  the  gastric  hunger  mechan- 
ism, viz., 

1.  The  gastric  hunger  contractions  are  due  to  a  specific  autom- 
atism (central  and  peripheral)  primarily  independent  of  afferent 
impulses  as  well  as  the  conditions  of  the  blood.  Such  an  autom- 
ation, would,  of  course,  vary  with  the  physiological  condition 
of  the  automatic  tissues;  but  if  this  is  the  mechanism  we  cannot 
speak  of  any  physiological  control  of  the  hunger  apparatus, 
except  in  the  way  of  inhibition. 

2.  The  central  and  peripheral  tissues  concerned  in  the  genesis 
of  the  hunger  contractions  may  be  influenced  in  a  positive  way  by 
physiological  chaises  in  the  blood.    If  this  is  the  case,  we  might 

>  C&Tleon:  This  Joum&I,  1913,  xxzi,  p.  212;  zzxii,  pp.  246,  869,  389. 
t  Carlson:  Ibid.,  1914,  xxxiv,  p.  US. 
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expect  such  changes  in  the  blood  to  be  specially  evident  in  the 
nonnal  animal  when  starving. 

Some  facts  ah-eady  established  seem  to  show  that  both  of  the 
above  factors  are  to  be  reckoned  with.  In  man  and  dog  the 
gastric  hunger  contractions  usually  appear  as  soon  as  the  stomach 
is  empty  of  food,  that  is,  before  intestinal  digestion  and  absorp- 
tion of  the  meal  is  completed.  Under  th^  conditions  the  initia- 
tion of  the  hunger  contractions  must  be  due  to  a  primary  autom- 
atism, not  opposed  by  inhibitory  reflexes,  rather  than  to.  any 
changes  in  the  blood  such  as  are  presumably  involved  in  starva- 
tion, for  there  is  surely  no  auto-digestion  of  the  body  tissues  or 
lack  of  pabulum  in  the  body  fluids,  or  while  normal  intestinal 
digestion  and  absorption  is  still  in  progress.  In  dogs  with  Paw- 
low  stomach  pouches  we  may  also  have  hmiger  contractions  in 
the  main  stomach  while  the  Pawlow  stomach  is  quiescent,  or 
vice  versa.*  On  the  other  hand,  prolonged'  starvation,*  and 
pancreatic  diabetes,'  which  is  a  type  of  starvation,  leads  to  in- 
creased activity  of  the  hunger  mechanism,  at  least  up  to  the 
point  where  the  stomach  becomes  directly  involved  in  the  general 
debility  and  cachexia.  That  increased  vigor  of  the  hunger  appa- 
ratus is  an  after  effect  of  a  greatly  accelerated  metabolism  is  a 
bit  of  evidence  pointing  in  the  same  direction. 

This  augmentation  of  the  hmiger  contractions  in  starvation 
may  be  due  to 

1.  The  appearance  of  substances  in  the  blood  stimulating  the  -' 
central  tonus  mechanism  or  the  peripheral  hxmger  apparatus. 

2.  The  absence  or  diminution  of  inhibitory  substances  in  the 
blood. 

3.  The  absence  or  depression  of  inhibitory  reflexes. 

4.  Star\'ation  changes  in  the  tissues  directly  concerned  in  the 
hunger  contraction. 

If  it  is  due  to  the  presence  of  stimulating  substances  in  the 
blood,  it  would  seem  that  transfusion  of  the  blood  of  starving 

'  Carlson,  Orr  and  McGraUi:  Ibid,  1914,  xxxiii,  p.  119. 

•  Carlson:  Ibid.,  1914,  xxxiii,  p.  95;  T.  L.  Patterson,  experiments  not  yet  pub- 

'  Luckhardt:  Ibid.,  1914,  xxxiii.  p.  313. 
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animals  into  normal  animals  ought  to  augment  the  activity  of 
the  hmiger  mechanism,  at  least  temporarily.  We  are  now  in 
position  to  report  that  this  is  actually  the  case. 

THE   TECHNIQUE   OF  THE   TRANSFUSION  EXPERIMENTS 

Direct  transfusion  from  the  starved  donor  to  the  normal  recip- 
ient by  direct  union  of  blood  vessels  is  not  feasible,  because  if 
this  is  done  under  general  anesthesia,  the  anesthetic  itself  depresses 
the  stomach,  and  if  it  is  done  with  aid  of  local  anesthesia  only  the 
recipient  is  so  disturbed  that  the  stomach  is  inhibited  reflexly. 
But  we  found  that  good  matured  and  gentle  dogs  used  to  our 
routine  of  recording  the  gastric  hui^r  contractions  were  prac- 
tically not  disturbed  at  all  by  the  puncture  of  the  saphenous  vein 
with  a  sharp  needle  and  injecting  20-50  cc.  fresh  drawn  and  defi- 
brinated  blood.  This  technique  was  therefore  adhered  to.  In 
the  preliminary  training  of  these  dogs  the  animafe'  legs  were 
handled  in  various  ways  (shaved,  injection  of  salt  solution,  etc.), 
so  that  the  animal  finally  paid  little  or  no  attention  to  the  han- 
dling of  the  leg  or  the  insertion  of  the  needle  into  the  vein.  In 
some  cases  we  decreased  the  sensitivity  of  the  skin  over  the 
saphenous  vein  by  the  application  of  earbolated  vaseUne. 

THE   EFFECTS   OF   BLOOD   FROM   STARVED  ANIMALS 

The  intravenous  injection  of  20-50  cc.  of  fresh  defibrinated 
blood  from  starving  dogs  into  normal  dogs  increases  the  gastric 
tonus  and  hunger  contractions  of  the  latter,  if  their  stomachs  are 
empty  and  moderate  tonus  and  hunger  contractions  are  in  evi- 
dence in  the  recipient  at  the  time  of  the  injection  of  the  blood. 
If  the  stomach  of  the  recipient,  although  empty  of  food,  is  atonic 
and  hunger  contractions  are  completely  absent  at  the  time  of 
the  injections,  the  blood  from  starving  animals  has  practically 
no  action  on  the  stomach.  The  stimulating  action  of  this  blood 
on  the  stomach  already  in  moderate  tonus  and  hunger  contractions 
lasts  from  ten  to  thirty  minutes,  depending  on  the  quantity  of 
starved  blood  injected. 

The  above  conclusion  is  based  on  25  experiments  on  four  gas- 
tric fistula  dogs.     The  blood  for  the  transfusion  was  drawn 
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from  animals  after  five  to  twelve  days  of  starvation.  A  typical 
tracing  illustrating  this  stimulation  of  the  hunger  mechanism 
by  small  quantities  of  blood  from  starving  animals  is  reproduced 
in  figure  lA. 

The  failure  of  starved  blood  to  induce  tonus  and  hunger  con- 
tractions in  atonic  and  quiescent  stomachs  is  probably  due  to 
the  fact  that  by  the  present  method  of  transfusion  it  is  not  pos- 
sible to  introduce  enough  starved  blood  to  overcome  the  depressor 
or  inhibitory  factors  responsible  for  the  atonic  and  quiescent 
condition. 


Fia.  1.    TBAciNfl  FBou  THB  EupTT  Stouach  or  Doas.     (Reduced  |). 

Chloroform  manometer.  A.  At  an  intraveboiu  injection  of  35  cc.  blood  drawn 
from  a  dog  on  the  eighth  day  of  Btarration.  Showing  Btimulation  of  the  gastric 
hunger  apparatus,  in  the  change  from  Type  I  to  Type  III  hunger  contractions 
(hunger  tetanus).  B.  At  an  intravenous  injection  of  20  cc.  of  blood  from  a  dog 
in  pancreatic  diabetes.    Showing  stimulation  of  the  gastric  hunger  mechanism. 

THE  BFFKpTS  OF  BLOOD   FROM   DUBETIC  ANDUAL8 

Using  the  above  technique  20-50  cc.  of  blood  from  animals  in 
pancreatic  diabetes  and  showing  the  typical  diabetic  polyphlagia 
were  transfused  into  normal  animals.  The  results  were  prac- 
tically identical  with  those  from  the  blood  of  starving  animals, 
that  is  a  temporary  stimulation  of  the  gastric  hunger  mechanism. 
A  typical  tracing  showing  this  effect  is  reproduced  in  figure  IB. 
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Twenty  to  fifty  cc.  of  blood  from  normal  do^  or  from  dogs  dur- 
ing the  he^t  of  digestion  were  transfused  into  dogs  while  their 
gastric  tonus  and  hunger  contractions  were  being  registered.  In 
the  majority  of  these  experiments  the  transfusion  had  no  effect 
at'all  on  the  motor  condition  of  the  empty  stomach.  In  a  few 
cases  it  acted  as  a  very  slight  and  transient  stimulus,  but  in  na 
instance  did  the  blood  from  normal  animals  produce  the  marked 
effects  obtained  from  the  blood  of  starving  and  of  diabetic  ani- 
mals. Hence  we  conclude  that  the  latter  results  are  due  to  some- 
thing in  the  blood  of  starving  and  of  diabetic  animals  not  present, 
or  present  in  less  concentration  in  the  blood  of  normal  animals. 
It  is  evidently  not  due.  to  the  transfusion  of  the  above  quantities 
of  defibrinated  blood  as  such.  The  intravenous  injections  of 
20-50  cc.  of  0.9  per  cent  NaCl  is  also  without  effect  on  the  hunger 
mechanism. 

It  is  well  known  that  intravenous  injections  of  considerable 
quantities  of  fresh  defibrinated  blood  may  cause  temporary 
vasomotor  and  cardiac  disturbances.  Lowering  of  the  arterial 
'  blood  pressure  is  usually  a  feature  of  these  disturbances.  It  is 
highly  improbable  that  vaso-dilatation  is  a  factor  in  the  marked 
results  produced  by  blood  from  starving  and  diabetic  animals. 
The  following  control  tests  were  made.  One  per  cent  peptone 
in  0.9  per  cwt  NaCl  was  injected  intravenously,  and  amyl  nitrite 
was  administered  by  inhalation.  If  sufficient  peptone  or  amyl 
nitrite  was  given  to  affect  the  gastric  tonus  and  hunger  contrac- 
tions, this  effect  was  always  in  the  direction  of  inhibition  and 
paralysis.  It  is  not  clear,  however,  that  this  inhibition  was 
due  solely  to  the  vaso-dilation,  but  the  experiments  show  that 
a  general  vaso-dilation  does  not  necessarily  lead  to  stimulation 
of  the  gastric  hunger  apparatus. 

THE  ACTION  OP  THE   ACETONE  B0DIE8  ON  THE  OASTRIC  HUNGER 
MECHANISM 

As  a  preliminary  step  in  the  analysis  of  the  above  stimulation 
of  the  gastric  hunger  mechanism  by  starved  and  diabetic  blood, 
we  have  tested  the  action  of  acetone,  and  oxybutyria  acid  on  the 
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gastric  hunger  contractions.  We  had  also  planned  to  use  dia- 
cetic  acid  in  these  experiments,  but  we  were  not  able  to  obtain 
this  acid'  at  that  time.  It  is  well  known  that  prolonged  starva^ 
tion  as  well  as  diabetes  leads  to  acidosis,  although  Mariott*  has 
recently  shown  that  there  is  practically  no  acidosis  in  pancreatic 
diabetes  in  dogs.  It  seemed  possible  that  the  acetone  bodies 
might  be  the  stimulating  factors  in  the  starvation  and  the  dia- 
betic blood.  The  action  of  the  acetone  bodies  dissolved  in 
Kilmer's  solution  were  tested  on  a  number  of  animals  with  uni- 
formly negative  results.  That  is  to  say,  the  acetone  bodies  in 
coDcentrationa  that  effect  the  gastric  hunger  apparatus  at  all, 
cause  inhibition  and  depression.  No  indication  of  any  primary 
or  secondary  stimulation  by  the  acetone  bodies  could  be  secured. 
It  is  therefore  clear  that  the  stimulating  action  of  starvation  and 
diabetic  blood  on  the  hunger  mechanism  is  not  due,  at  least  not 
directly,  to  the  condition  of  acidosis  of  the  blood. 

THE   EFFECT   OF  HEMORRHAGE   ON  THE   GASTRIC  HUNGER 
MECHANISM 

It  occurred  to  us  that  some  of  the  conditions  of  starving  might 
be  produced  temporarily  by  hemorrhage.  It  was  recognized, 
of  course,  that  hemorrhage  also  introduces  factors  not  present, 
at  least  in  moderate  starvation,  such  as  the  temporary  diminu- 
tion of  hemoglobin.  Nevertheless,  the  results  of  two  series  of 
experiments  with  the  effects  of  excessive  hemorrhage  were  so 
striking  and  conclusive  that  they  are  reported  here,  even  though 
we  have  not  worked  out  their  interpretation.  The  results  are 
most  conveniently  stated  by  the  following  brief  protocols: 

October  20.  Type  II  and  III  gastric  hunger  contractions. 

October  21.  Type  I  contractions.  Gastric  tonus  equals  3  cm.  chloro- 
form. 

October  22.  TVpe  I  contractions.  Gastric  tonus  equals  3  cm.  chloro- 
form. 

October  23.  Type  I  contractions.  Gastric  tonus  equals  3  cm.  chloro- 
form. 

'  Marriott:  Jour,  of  Biol.  Chem.,  1914,  xviii,  p.  507. 
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October  24.  Type  I  contractions.  Gastric  tonus  equals  2J  cm.  chloro- 
form. 

October  27.  9.12  a.m.  light  ether  anesthesia,  146  cc.  blood  drawn  from 
carotid  artery  at  9.30  a.m.  Recording  of  the  gastric  hunger  contrac- 
ions  began  10.08  a.m.  At  this  time  the  stomach  was  atonic  and  quies- 
cent. A  gradual  return  of  gastric  tonus  appeared  at  10.30.  At  11  a.m. 
;he  gastric  tonus  was  5  cm.  chloroform  with  vigorous  Type  III  hunger 
contractions,  and  this  condition  persisted  till  the  end  of  the  experi- 
ment at  12.30. 

October  28.  Type  I  contractions.  Gastric  tonus  equals  2Jcm.  chloro- 
form. 

October  29.  Type  I  contractions.     Gastric  tonus  equals  3  cm.  chloro- 

October  30.  Type  I  contractions.  Gastric  tonus  equals  3  cm.  chloro- 
form. 

OctoberSl.  Type  I  contractions.  Gastric  tonus  equals  2)  cm.  chloro- 
form. 


Control  Experiment  on  Dog  I,  November  18,  Ether  anesthesia  for  20 
minutes 

November  18.  Type  I  contractions  (very  feeble).  Gastric  tonus 
2  cm.  chloroform. 

November  19.  Type  I  contractions  (feeble).  Gastric  tonus  2  cm- 
chloroform. 

November  21.  Type  I  contractions.  Gastric  tonus  2  cm.  chloroform. 

November  25.  Type  I  contractions.  Gastric  tonus  2  cm.  chloroform. 

November  26.  Type  II  contractions.  Gastric  tonus  3J  cm.  chloroform. 

DogVH.    Weight  6.7  k. 

October  30.  Type  I  hunger  contractions.  Gastric  tonus  2  cm. 
chloroform, 

October  31.  Type  I  hunger  contractions.  Gastric  tonus  2  cm, 
chloroform. 

November  3.  TVpe  I  and  II  hunger  contractions.  Gastric  tonus  3  cm. 
chloroform. 

November  4.  Type  I  hunger  contractions.  Gastric  tonus  2  cm. 
chloroform. 

November  5,  Type  I  hunger  contractions.  Gastric  tonus  2  cm. 
chloroform. 
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November  6.  9.10  a.m.  169  cc.  blood  withdrawn  from  carotid  artery 
under .  light  ether  anesthesia.  Record  of  gastric  contractiona  began 
at '9.45.  At  this  time  the  stomach  was  quiescoit  with  feeble  tonus. 
At  10  a.m.  the  gastric  tonus  began  to  increase.  At  10.30  the  gastric 
tonus  was  9  cm.  chloroform  with  Type  III  vigorous  hunger  contractions. 
This  condition  persisted  till  the  end  of  the  experiment  at  11.30. 

November  7.  Type  II  and  ill  contractions.  Gastiio  tonus  2^-3  cm. 
chloroform. 

November  11.  Type  II  and  III  contractions.  Gastric  tonus  3-7  cm. 
chloroform. 

November  12.  Type  I  contractions.  Gastric  tonus  2}  cm.  chloro- 
form. 

Control  Experiment  on  Dog  II.    November  18,  Ether  aneathesia  for 
!K)  minutes 

November  18.  T^pe  I  and  III  contractions.  Gastric  tonus  1-4  cm. 
chloroform. 

November  20.  Type  I  and  III  contractions.  Gastric  tonus  2  cm. 
chloroform. 

November  21.  Tyi>e  I  contractions.  Gastric  tonus  2  cm.  chlofo- 
form. 

November  24.  IVpe  I  contractions.    Gastric  tonus  2  cm.  chloroform'. 

November  25.  Type  HI  contractions.  Gastric  tonus  3-4  cm.  chloro- 
form. 

November  26.  Type  I  and  III  contractions.  Gastric  tonus  3-6  cm. 
chloroform. 

The  reader  will  note  that  in  both  dogs  the  hemorrhage  induced 
temporarily  a  greater  gastric  tonus  and  intensity  of  hunger  con- 
tractions than  typical  for  these  dogs  before  the  hemorrhage.  This 
effect  of  the  hemorrhage  disappears  in  less  than  twenty-four  hours. 
The  controls  show  that  the  stimulation  of  the  gastric  tonus 
mechanism  is  'due  to  the  hemorrhage,  and  is  not  an  after  effect  of 
the  ether  anesthesia.  That  they  were  felt  aa  hunger  contrac- 
tions+)y  the  dc^  was  evidenced  by  the  amount  of  food  consxmied 
on  the  hemorrhage  days. 

A  typical  tracing  showing  this  stimulating  action  of  hemorrhage 
OQ  the  hunger  mechanism  is  reproduced  in  figure  2. 
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The  following  coDsideratioDS  m^t  be  offered  not  only  as  a 
possible  but  also  as  a  probable  explanation.  The  blood  is,  of 
course,  the  purveyor  of  nutritive  substances  to  all  the  tissues 
of  the  body.  Its  chemical  composition  is  kept  remarkably  con- 
stant. If  now  an  animal  is  bled  extensively  (2-3  per  cent  of 
body  weight)  there  i&  removed  suddenly  an  enormous  amount 
of  pabulum,  that  is,  of  those  various  substances  which  are  taken 
up  by  the  different  tissues  during  circulation.  The  organs  and 
tissues  deprived  of  these  respective  nutritive  substances  become 
hungry  and  give  up  a  something  (a  hormone)  to  the  circulation 


FiQ.  2.     (Reduced  j). 

.  A.  Tracing  showing  how  gaatrie  tonus  and  Type  I  hui^r  contractions  char- 
acteristic of  Dtyg  VII  before  hemorrhage.  B.  Record  of  gastric  tonus  and  hunger 
contractions  of  D(^  VII  sixty  minutes  after  drawing  100  cc.  blood  from  the  ca- 
rotid artery.  Showing  the  temporary  stimulation  of  the  gastric  hunger  mechanism 
as  an  after  effect  of  excessive  hemorrhage.   (Bottom  of  traoing  =  0  mm.  pressure) . 

which  reachii^  the  muro-muscular  apparatus  of  the  stomach 
stimulates  the  latter  to  the  production  of  the  hunger  contractions. 
We  recognize,  of  course,  that  acute  hemorrhage  introduces 
other  factors.  Some  of  them  have  been  mentioned.  The  ex- 
planation offered  gives  a  simple  and  reasonable  picture  of  the 
mechanism  involved.  By  acute  hemorrhage  we  induce  suddenly 
temporary  but  acute  starvation.  Probably  all  the  tissues  of 
the  body  give  up  this  "hunger  hormone."  By  withholding 
food  from  the  animal  these  "hunger  hormones"  accumulate 
more  slowly,  depending  for  one  thing  on  the  state  of  nutrition 
and  reserve  food  supply  of  the  animal  before  the  period  of  actual 
tissue  starvation  begins. 
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1.  Blood  from  starving  animals  and  animals  in  pancreatic 
diabetes  transfused  into  normal  animals  acts  as '  a  temporary 
stimulus  to  the  gastric  hunger  mechanism. 

2.  Excessive  hemorrhage  is  followed  by  a  temporary  augmenta- 
tion of  the  gastric  hunger  contractions.      * 

3.  Prolonged  starvation,  panweatic  diabetes,  and  possibly 
excessive  hemorrhage  result  in  the  increase  of  some  substance 
or  substances  in  the  blood  that  act  as  stimuli  to  the  gastric  hunger 
mechanism. 
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Gushing'  and  his  co-workers  have  recently  reported  experi- 
m^its  that  seem  to  indicate  a  secretory  innervation  of  the  hy- 
pophysis. Dandy*  has  reported  histological  studies  of  the 
nerve  running  up  to  the  gland  along  the  arterioles.  He  finds 
that  these  nerves  are  derived  from  the  sympathetic  carotid  plexus. 
He  is  unable  to  make  any  absolute  differentiation  between  secre- 
tory and  vasomotor  neWes,  but  he  is  inclined  to  the  belief  that 
these  are,  secretory  nerves,  this  inclination  being  based  on  the 
observation  that  these  trunks  make  connections  with  other  cranial 
nerves,  that  the  anterior  lobe  has  a  richer  nerve  supply  than  the 
posterior  lobe,  and  that  no  vasomotor  nerves  have  yet  been 
demonstrated  in  the  cranial  cavity. 

Gushing  attempted  to  discover  the  presence  of  secretory  nerves 
to  the  glands  by  physiologic  means.  If  a  hyperplasia  or  dimin- 
ished activity  of  the  gland  brings  about  adiposity  and  increased 
sugar  tolerance,  an  excessive  activity  of  the  gland  might  bring 
about  a  decreased  carbohydrate  tolerance  and  give  rise  to  glycosu- 
ria.* Gushing  accordingly  carried  out  a  series  of  experiments 
on  rabbits  consisting  of  a  prolonged  electrical  stimulation  of  the 
superior  cervical  gangUon  with  the  animals  under  anesthesia. 
He  found  that  a  glycosuria  invariably  followed  such  a  procedure, 
and  he  therefore  concluded  that  "tke  pituitary  body,  and  more 
particularly  its  posterior  lobe,  plays  a  significant  rdle  in  the  metabo- 

'Weed,  CushiDg,  &nd  Jacoboon:  This  Journal,  1813,  xxjci,  p.  xiii, 
>  Dandy:  Am.  Jour,  of  Anal.  1813,  xv. 

'  Borchardt:  Zeitschr.  f.  Kl.  Med.  190S,  Ixvi,  p.  332;  Goetecli,  Cushing,  and 
Jacobaon:  Bull.  JohnB  Hopkins  Hospital,  1911,  xxii,  p.  165. 

47 


yGoogIc 


48  1.   RABEN8  AND  J.   LiraCHITZ 

liam  of  cari)ohydrate8,  and  its  action  in  this  respect  in  under  the  con- 
trol of  fibers  which  reach  the  gland  by  way  of  the  cervical  sympathetic 
ganglion.  Stimidalion  of  this  nervous  paihway  at  this  ganglion 
liberates  a  chemical  substance  which  causes  glycogenolysia  ajid 
glycosuria  independerd  of  any  possible  nervous  impulse  reaching 
the  glycogerirholding  cells  or  the  abdominal  viscera." 

Dr.  Carlson  suggested  to  us  that  the  glycosuria  obtained  by 
Gushing  may  be  due  to  other  factors  than  the  stimulation  of 
secretory  nerves  to  the  hypophysis.  In  the  first  place  prolonged 
anesthesia  tends  to  induce  glycosuria  especially  in  rabbits  and 
cats.  Handling  of  the  vagi  is  almost  unavoidable  during  tlie 
operation  and  on  stimulation  of  the  superior  cervical  gai^Iion 
it  is  difficult  to  prevent  escape  of  current  to  the  vagus.  Even 
partial  exposing  of  the  abdominal  viscera  while  inserting  cannulae 
into  the  ureters  affects  the  normal  State  of  the  animal.  The 
animal  under  stimulation  is  therefore  far  from  being  under  a 
normal  physiolo^cal  state. 

At  the  su^^tion  of  Dr.  Carlson  we  have  repeated  Cushing's 
work  with  various  modifications.  Our  results  seem  conclusive; 
but  it  must  be  imderstood  that  the  work  deals  with  but  one 
method  of  approaching  the  general  problem,  namely,  that  of  the 
carbohydrate  tolerance  or  rather  glycosuria.  It  leaves  open  all 
other  possible  avenues  of  approach  that  might  definitely  prove 
or  disprove  a  secretory  innervation  of  the  hypophysis. 

BXPERIMEKTAL    PROCEDURE 

Rabbits,  cats  and  dogs  were  used  in  these  experiments.  Both 
cervical  sympathetic  trunks  were  isolated  from  the  vagi,  with 
as  little  handling  of  the  latter  as  possible,  and  then  cut,  leaving 
&  silk  thread  attached  to  the  central  end  of  each.  This  opteration 
wasj  of  course,  carried  out  under  light  anesthesia  and  aseptically. 
The  neck  of  the  animal  was  wrapped  carefully,  but  the  wound 
was  left  open  so  that  after  the  animal  has  been  given  ample  time 
(8-24  hours)  to  recuperate  and  the  post  operative  urine  tested 
for  sugar  the  two  nerve  tnmks  could  be  stimulated  while  the 
animal'  was  conscious  and  normal.    The  dilatation  of  the  pupils 
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was  indicative  of  the  activity  of  the  nerves.  This  procedure 
pennits  stimulation  of  the  possible  nervous  pathway  to  the  gland 
similar  essentially  to  that  carried  out  by  Gushing,  while  the 
animal  is  practically  in  a  norma!  condition.  After  a  continuous 
stimulation  for  a  niunber  of  hours  (1-3)  the  animal  was  put  into 
a  metabolism  cage  and  the  voided  urine  tested  for  sugar. 

It  was  planned  further  that,  if  stimulation  of  the  nerves  under 
physiological  conditions  outlined  above  produced  no  glycosuria, 
two  kinds  of  controls  would  be  run.  First,  the  crucial  operation 
of  Gushing  would  be  exactly  duplicated,  but  would  not  be  followed 
by  any  stimulation  of  the  superior  cervical  ganglia.  The  animal 
would  be  just  allowed  to  he  with  its  tracheal  cannula  and  the 
urine  collected  from  time  to  time  and  tested  for  sugar.  By  the 
crucial  operation  is  meant  the  isolation  of  the  cervical  sympathetic 
nerve  from  all  vagus  association  and  the  subsequent  isolation  of 
the  superior  cervical  sympathetic  ganglion.  The  second  kind  of 
control  would  consist  of  merely  inserting  a  tracheal  cannula  and 
then  letting  the  animal  lie  undisturbed  without  any  nerve  han- 
dling or  without  their  stimulation.  Here,  too,  the  urine  would  be 
tested  from  time  to  time  for  sugar.  These  two  kinds  of  controls 
would  determine  in  the  first  place  the  combined  effects  of  opera- 
tion and  prolonged  anesthesia,  and  in  the  second  place  the 
effects  of  mere  anesthesia. 

Next  it  was  planned  to  ascertain  if  the  gylcosuria  obtained 
by  Gushing  was  in  any  way  faciUtated  by  reflex  vagus  influence 
as  a  result  of  the  handling  or  stimulation  in  the  operation.  For 
this  purpose  it  was  decided  to  section  the  splanchnics  aseptically 
immediately  below  the  diaphragm  and,  after  the  animal  has 
recuperated  sufficiently,  to  repeat  the  crucial  operation.  The 
cutting  of  the  splanchnics  would,  of  course,  obviate  later  any 
possible  reflex  vagus  influence  on  the  adrenals  or  the  Uver. 

Fiaaliy,  if  it  were  found  that  no  glycosuria  occurred  as  a  result 
of  stimulating  the  cervical  sympathetic  nerves  under  physiologi- 
cal conditions,  it  was  planned  to  determine  whether  or  not  such 
stimulation  was  capable  of  producing  a  measurable  hypergly- 
cemia. For  this  purpose  samples  of  blood  would  be  drawn  from 
the  conscious  animal  at  deflnite  intervals  before,  during  and 


dbyGoogIc 


50  I.   RABENS  AND  J.   UF8CHITZ 

alter  stimulation  of  the  nerves,  and  the  sugar  content  then 
determined. 

The  administration  of  etiier  to  rabbits  uid  cats  was  carried 
out  by  means  of  a  large  heU  jar  so  as  to  obviate  excessive  strug- 
gling and  emotional  glycosuria.  Fifty  to  one  hundred  cc.  of  water 
were  given  by  a  stomach  tube  to  insure  the  getting  of  urine. 
For  the  stimulation  a  tetanizing  current  was  used.  A  tetanom- 
eter  giving  3-8  stimuli  per  second  was  always  placed  in  the 
circuit  to  prevent  a  too  rapid  bombardment  of  stimuli.  Durii^ 
the  stimulation  the  animal  was  kept  in  an  oilcloth  bag  in  such 
a  way  that  merely  the  head  wid  neck  were  free.  This  served  tq 
prevent  struggling  as  well  as  a  possible  loss  of  urine.  For  the 
crucial  operation  a  cannula  was  inserted  into  the  urethra.  An 
incision  into  the  abdominal  cavity  very  close  to  the  symphysis 
088.  pubis  was  made  just  large  enough  to  permit  pulling  out  of 
the  urinary  bladder.  This  obviated  any  exposure  or  handlii^ 
of  the  abdominal  viscera  which  is  quite  unavoidable  if  cannulae 
are  inserted  into  the  meters.  The  qualitative  and  quantitative 
determinations  of  the  imne  sugar  were  made  by  the  Fehlii^'s 
and  Benedict's  methods  respectively.  The  blood  sugar  content 
was  determined  by  the  Ronar-Michaelis  method. 


The  f ollowii^  results  were  obtained  from  a  series  of  experiments 
carried  out  on  15  cats,  4  rabbits,  and  3  dogs. 

Crucial  Operation 

This  comprises  a  series  of  6  experiments  carried  out  on  4  cats, 
.  1  rabbit  and  1  dog.  Cannulae  were  inserted  into  the  trachea 
and  urethra  respectively.  Each  sympathetic  nerve  was  traced 
up  to  the  superior  sympathetic  cervical  ganglion,  which  was  sepa- 
rated from  the  vagus  ganglion  lying  in  the  same  aheath.  Then 
the  ganglia  were  stimulated  alternately  at  intervals  of  one  minute. 
One  typical  experiment  is  given  in  table  I. 

It  is  seen  that  here  there  was  sugar  in  the  urine  at  the  end  of 
IJ  hours  anesthesia  and  operation,  even  before  stimulation  of 
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TABLE  I 
Cats 


Preoperatire  urine 

From  bladder  at  beginniiig  of  operation 

During  operation  and  before  stimulation 

End  of  )  hour  aneathesia 

End  of  2i  hours  anesthesia 

End  of  one  hour  stimulation 

End  of  3  hours  anesthesia 1 

End  of  It  hours  stimulation / 

End  of  4  hours  anesthesia 1 

No  stimulation / 

End  of  5  hours  anesthesia ) 

No  stimulation J 


0.210 
0.170 
O.OBO 
0.043 
0.030 


the  superior  cervical  ganglia  and  the  percentage  of  sugar  bears  no 
relatitin  to  the  stimulation.  This  is  true  of  all  the  experiments 
in  this  group. 

Physiological  nerve  stimulaiion  vnlh  urine  sugar  tests 

This  group  includes  10  experiments  carried  out  on  3  rabbits 
and  6  cats.  Both  cervical  sympathetic  nerves  were  cut  asepti- 
cally  and  stimulated  after  the  animal  had  recovered  from  the 
operation  and  the  post-operative  urine  had  been  tested  for  and 
found  free  from  sugar.  The  animals  were  kept  in  the  bt^  and 
held  on  the  lap  so  that  they  lay  comfortably  and  quietly  while 
the  nerves  were  being  stimulated.  The  results  are  summarized 
in  table  II. 

This  table  shows  clearly  that  in  all  animals  except  Cat  No.  1 
there  was  never  a  trace  of  sugar  in  the  urine  resultii^  from  stim- 
ulating both  cervical  sympathetic  nerves  while  the  animals  were 
conscious  and  normal.  Even  in  that  exception  (Cat  No.  1)  it 
cannot  be  stated  with  certainty  whether  the  slight  amount  of 
sugar  was  due  to  the  effects  of  the  operation  or  to  the  stimula- 
tion, for  no  post-operative  urine  was  obtained  to  be  tested. 
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Rabbit  No.  1  (right  sympathetic 

nerve) 

Rabbit    No.   1    (left    sympathetic 

Rabbit  No.  2  (both  nerves) 

Rabbit  No.  3  (both  nerves) 

Cat  No.  1  (both  nerves) 

Cat  No.  2  (both  nerves) 

Cat  No.  3  (both,  nerves) 

Cat  No.  i  (both  nerves) |  115 

Cat  No.  5  (both  nerves) . , . 
Cat  No.  6  (both  nerves). . . 


Volume 

- 

«. 

-*"" 

10 

0 

70 

0 

ion 

0 

40 

0 

AS 

0 

100 

0 

115 

0 

50 

0 

70 

0 

™«*. 

FOBTSn 

UIPLB 

84  HH. 

SuBHr 

Volume 

■— ' 

^ 

0 

11 

0 

25 

0.47 

80 

0 

70 

«1 

1,7 

33 

0 

50 

0 

30 

0 

105 

» 

160 

Physiological  nerve  aUmulation  with  determinations  of  the  Hood 
sugar* 

Having  failed  to  produce  glycosuria  by  stimulating  the  cer-. 
vical  sympathetic  nerves  under  physiological  conditions,  we  next 
set  out  to  determine  whether  this  stimulation  could  at  least 
produce  a  hyperglycemia  which  was  either  too  fleeting  or  too 
slight  for  sugar  to  enter  the  urine.  For  this  purpose  we  drew 
samples  of  blood  from  the  tails  of  two  cats  before,  durir^  and 
after  stimulation  of  the  nerves.  But  we  found  that  it  was  next 
to  impossible  to  keep  the  cats  from  getting  excited  and  struggling 
while  the  blood  is  being  drawn.  The  excitement,  of  course,  pro- 
duces an  emotional  hyperglycemia,  as  shown  by  Cannon  and 
his  co-workers.  To  obviate  this  we  inserted  carotid  cannulae 
into  two  cats  so  that  blood  could  be  drawn  very  quickly  without 
disturbing  the  animal.  We  repeated  this  test  on  two  dogs. 
The  d(^  did  not  struggle  at  all  while  the  samples  of  blood  were 
being  drawn  from  the  tail  or  from  a  leg  vein.  The  results  are 
given  in  table  III. 

'  The  blood  augar  determinations  were  made  by  Mr.  H.  Ginsburg. 
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TABLE  m 


Per  cent  of  sugar  in  the  blood  before  etim- 
ulation  of  both  sympathetic  nerves 

Per  cent  of  sugar  in  the  blood  at  the  end  of 
lho(q''s  stimulation 

Per  cent  of  sugar  in  the  blood  at  the  end  of 
Zbours' stimulation 


0.11 
0.10 
0.13 


0.13 
0.10 
0.12 


0.104 
0.143 


O.lSl 
0.180 


It  is  quite  clear  from  the  foregoing  table  that  there  is  not  even 
a  perceptible  hyperglycemia  reauliing  from  the  stimulation  of  the 
cervical  aympathetic  nerves  under  physiological  conditions.  The 
high  sugar  conteot  observed  in  Cats  Nos.  12  and  13  were  un- 
doubtedly emotional  hyperglycemia,  even  though  the  animals  did 
not  seem  frightened  or  restless. 

Controls 

This  group  comprises  a  series  of  experiments  carried  out  on 
5  cats  and  16  dogs.  They  were  intended  to  determine  the  effects 
of  the  operation,  vagus  handling,  and  prolonged  anesthesia  with- 
out any  stimulation  of  the  cervical  sympathetic  nerves  or  ganglia. 
In  Cat  No.  6  the  crucial  operation  was  exactly  duplicated,  except 
that  the  operation  was  not  followed  by  stimulation.  In  the  rest 
neither  the  nerves  nor  the  ganglia  were  even  exposed,  but  the  ani- 
mals were  merely  allowed  to  lie  under  anesthesia  with  tracheal 
and  urethral  cannulae,  the  urine  being  collected  at  definite  inter- 
vals and  tested  for 'sugar. 

The  urine  was  collected  from  the  excised  bladders  of  16  dogs 
that  had  been  kept  under  ether  anesthesia  for  two  to  four  hours 
each.  Upon  an  analysis  the  urine  of  7  of  these  16  dogs  was  found 
to  contain  sugar,  the  percentage  ranging  between  1.2  per  cent 
and  1.6  per  cent.  In  other  words,  43.7  per  cent  of  these  dogs  had 
a  glycosuria  resulting  from  prolonged  ether  anesthesia  alone. 

All  of  the  cats  showed  glycosuria  at  the  end  of  one  to  one  and 
one-half  hours  ether  anesthesia.  In  4  of  the  5  cats  of  this  series 
the  nerves  or  ganglia  were  not  even  exposed,  and  yet  the  sugar 
in  the  urine  ran  a  similar  curve.    It  began  to  rise  gradually  at 
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the  end  of  one  to  one  and  one-half  hours  anesthesia,  reached  ita 
maxiinum  at  the  end  of  three  to  four  hours,  and  then  gradually 
declined.  The  fact  that  in  the  dc^  group  this  was  by  far  not  so 
pronounced  points  to  the  fact  that  this  is  largely  a  question  of 
the  degree  of  susceptibility  of  the  species,  the  dog  being  more 
resistant  than  the  cat  and  the  rabbit.* 

Possible  voffus  infitience  on  the  glycosuria  in  the  crucial 
operations 

The  object  of  the  experiments  in  this  group  was  to  determine 
whether  the  glycosuria  following  the  stimulation  of  the  superior 
"cervical  gangUa  was  due  solely  to  anesthetic  eflfects  or  to  the 
combined  effects  of  anesthesia  and  vagus  exposure  and  handlli^ 
while  isolating  the  ganglia.  For  this  purpose  the  splanchnics 
were  cut  aseptically  in  two  cats  immediately  below  the  diaphragm 
so  as  to  obviate  later  any  possible  reflex  vagus  influence  on  gly- 
cosuria production.  Both  animals  were  then  given  a  few  days 
to  recover  fully,  and  then  the  crucial  operations  were  carried  out 
in  the  ordinary  way  with  the  results  shown  in  table  IV. 

It  is  evident  from  table  IV  that  the  vagus  does  not  in  any 
noticeable  degree  partake  in  the  glycosuria  production  during 
the  crucial  operation.  For  here  the  glycogen-holding  viscera 
were  cut  off  from  all  reflex  vagus  influence,  and  yet  the  sugar 
ran  tiie  ordinary  curve.  Again  this  table  shows  clearly  that 
sugar  appeared  in  the  urine  before  any  stimulation  of  die  cervical 
sympathetic  system. 

SUMMARY 

1.  Stimulation  of  the  cervical  sympathetic  nerves  while  the 
animal  is  conscious  and  under  physiological  conditions  does  not 
produce  hyperglycemia,  glycosuria,  or  diuresis.  This  is  true  for 
dogs,  cats  and  rabbits. 

2.  In  all  cases  where  the  animal  is  subjected  to  a  crucial  opera- 
tion and  prolonged  ether  anesthesia,  glycosuria  appears  whether 
or  not  the  superior  cervical  gangUa  are  stimulated.     A  similar 

*  CarlBon  and  Ryftn:  This  Journal,  190S,  xxi,  p.  301. 
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TABLE  IV 
Col  No.  tl 


fOLUlH 

inoiB 

VUIATIOMB  IB 
HUnpULATIOH 

From  bladder  at  begmniDg  of  oper 

V- 

pwoiK 

•™ 

FreoperatlTe 

B 

During    operation  1 
hour. 

S 

eratioD  and  no  stimulation 

.:   U 

4.3 

0.64 

No  operation  or  stim- 
ulation. 

End  of  )  hour  gangUa  stimulation 

End  of  2i  hours  anesthesia 

2 
2 

e.a 

4.06 

0.130 
0.092 

Durii^  2i  hours  of 

End  of  3  hours  anesthesia 

End  of  li  hours  stimulation 

End  of  3j  hours  anesthesia 

1! 

4.7 

0,082 

End  of  2  hours  stimulation 

2.8 

o.oas 

^ 

End  of  4)  hours  anesthesia 

No  stimulation J 

li 

2.8 

0.03S 

glycosuria  occurred  when  the  aoinial  was  subjected  to  mere  pro- 
longed anesthesia  without  even  exposing  the  nerves  or  ganglia. 

3.  Subjection  to  prolonged  anesthesia  alter  exclusion  of  all 
possible  downward  impulses  to  the  abdominal  viscera  through 
vagus  reflexes,  with  or  without  stimulation  of  the  ganglia,  led  to 
a  similar  glycosuria. 

4.  The  glycosuria  of  prolonged  ether  anesthesia  runs  a  uniform 
course,  the  amount  of  sugar  gradually  rising  to  a  mft»imiim  and 
then  gradually  declining.  This  course  is  not  influenced  by  the 
stimiUation  of  the  cervical  sympathetic  nerves,  or  the  superior 
cervical  gangha. 
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)ur  results  go  to  show  that  the  presence  of  secretory  nerves 
eming  the  activity  of  the  hypophysis  cannot  be  demonstrated 
the  glycosuria  or  hyperglycemia  methods.  The  glycosiu-ia 
liting  from  the  stimulation  of  the  superior  cervical  ganglia 
ndoubtedly  due  to  the  effects  of  prolonged  anesthesia  and  not 
m  excessive  activity  of  the  hypophysis  caused  by  stimulation 
3,  secretory  nervous  pathway  to  the  gland.  As  stated  pre- 
usly,  this  work  concerns  itself  solely  with  but  this  single 
bhod,  but  it  leaves  open  all  other  possible  methods  that  might 
attempted  definitely  to  prove  or  disprove  a  secretory  innerva- 
1  of  the  hypophysis. 

'he  nerve  fibers  to  the  hypophysis  described  by  Dandy  may 
I'asomotor  nerve  fibers.  The  fact  that  no  vasomotor  nerves 
e  been  conclusively  demonstrated  in  the  cranial  cavity  does 
prove  that  such  nerves  are  absent  from  a  complex  gland  like 
hypophyras.  And  the  fact  that  the  anterior  iobe  has  a  vastly 
ler  nerve  supply  than  the  posterior  lobe  does  not  in  the  least 
ve  that  these  nerves  are  of  a  secretory  nature.  In  fact,  Cush- 
favors  the  view  that  the  posterior  lobe  is  mainly  concerned 
he  internal  secretion  playing  a  r61e  in  the  metabolism  of  carbo- 
[rates. 

7e  wish  to  express  our  gratitude  to  Dr.  Carlson  for  his  valuable 
ice  and  kind  supervision  of  this  work. 
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Booeiyed  for  publication  October  31,  1914 
I.   SMOOTH  MUSCLE   INNERVATED  BY  THE  CEBVICAL  SYMPATHETIC 

It  IB  usually  stated  that  similar  tissues  in  different  parts  of  the 
body  vary  with  respect  to  the  strength  of  stimulus  required  to 
arouse  them  to  activity.  Also  it  is  generally  admitted  that  in 
electrical  stimulation  of  nerves,  some  require  strong,  others  weak 
stimuli  to  excite  activity  in  the  tissues  innervated  by  them. 
Hitherto  the  methods  used  for  studying  quantitatively  the 
strength  of  stimulus  have  been  unreliable.  The  advent  of  the 
Martin  system  of  quantitative  stimulation,  permitted  a  greater 
degree  of  accuracy  to  be  attained. 

The  present  investigation  was  tmdertaken  for  the  purpose  of 
ascertaining  whether  the  strength  of  stimulus  necessary  to  pro- 
voke response  of  tissue  supplied  by  autonomic  fibers  is  essentially 
the  same  for  all  fibers,  or  whether  it  varied  with  respect  to  the 
tissue  supplied,  i.e.,  muscular  or  glandular.  The  Martin  method' 
of  quantitative  stimulation  has  been  used  throughout  the  re- 
search. By  this  method  it  is  possible  to  compare  thresholds 
within  the  autonomic  system  itself  as  well  as  thresholds  of  the 
autonomic  system  with  those  of  ordinary  somatic  nerves. 

Inasmuch  as  no  reliable  method  of  quantitative  study  by 
means  of  faradic  stimuli  has  been  available  before,  it  is  not 
surprising  to  find  a  paucity  of  references  to  such  studies  in  the 
literature.  Occasionally  a  statement  is  seen  that  the  secondary 
coil  was  in  a  certain  position  for  one  stimulation  and  in  another 
position  for  a  second  stimulation.     A  brief  consideration  of  the 

<  Martin :  The  Measuremeat  of  Induction  Shooke,  New  York,  1912. 
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secondary  positions  noted,  and  of  the  fact  that  the  primary  cur- 
rent is  practically  neglected  convinces  one  that  the  quantitative 
comparisons  must  be  far  from  precise. 

In  this  study  the  cervical  sympathetic  in  the  neck  was  used, 
and  responses  noted  in  three  smooth  muscle  structures  which  it  is 
known  to  innervate;  pupil,  nictitating  membrtme,  and  the  blood- 
vessels of  the  nasfd  mucous  membrane.  Movements  of  the  pupil 
and  nictitating  membrane  were  observed  directly.  Constriction 
of  the  nasal  vessels  was  observed  by  a  method  modified  from 
that  described  by  Tschalussow.*  This  observer  really  made  a 
plethysmograph  of  the  nasal  cavity.  He  packed  the  posterior 
nares  with  material  soaked  in  vaseline,  thus  closing  the  nasal 
cavity  posteriorly ;  one  of  the  anterior  nares  was  packed  with  the 
same  material,  and  in' the  other  was  placed  a  hollow  glass  tube. 
This  tube  was  connected  by  rubber  tubing  to  recordii^  appa- 
ratus. Tschalussow  found  the  method  eminently  satisfactory 
for  the  problem  which  he  was  investigating.  In  the  present 
research  it  became  necessary  in  detecting  thresholds  to  have  a 
perfectly  smooth  line  recorded  in  order  to  observe  the  sUghtest 
departure  from  it  in  the  way  of  vasoconstriction.  Tschalussow's 
technique  was  not  so  well  adapted  here  because  it  gave  an  irreg- 
iilar  base  line  Lnatead  of  a  smooth  line.  The  irregularities  in  the 
line  were  due  to  respiratory  movements  of  the  soft  palate  and  to 
swallowing  movements. 

Instead  of  appl3ning  a  simple  packing  in  the  posterior  nares,  a 
brass  rod  about  one-e^th  of  an  inch  in  diameter  was  used 
(fig.  1).  One  end  of  the  rod  was  bent  almost  completely  over 
on  itself  and  terminated  in  two  rather  sharp  prongs  directed  back- 
ward. A  wad  of  cotton  was  tied  over  these  prongs  and  then 
soaked  with  vaseline.  An  adjustable  crossbar  was  fastened  on 
the  straight  end  of  the  rod.  After  the  animal  was  anesthetized 
the  vaselined  cotton  on  the  prongs  was-insarted  beyond  the  soft 
palate  and  pulled  forward  by  traction  on  the  rod  until  progress 
was  stopped  by  pluming  the  posterior  nares.  Then  the  cross- 
bar was  adjusted  to  fit  snugly  behind  the  canine  teeth.    Next 

*  Tschalusaow,  M.  A. :  Arohiv  fur  die  geaammte  Physialogje,  cli,  1913,  p.  524. 
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the  mouth  was  closed  and  tied  shut  by  heavy  twine.  This 
twine  passed  in  front  of  the  upper  canine  teeth,  then  back  of  the 
crossbar  and  around  the  animal's  lower  jaw.  In  this  way  the 
packing  was  securely  fastened;  and  at  the  same  time  any  varia^ 
tion  in  size  of  the  nasal  cavity  through  respiratory  or  swallowing 
movements  acting  on  the  soft  palate  was  effectively  shut  off. 
Next  one  of  the  anterior  nares  was  packed  with  vaselined  cotton; 
then  a  glass  tube  wa£  placed  in  the  other  and  packed  air-tight 
with  vaselined  cotton.  The  incisor  foramina  were  closed  with 
plasticine.  The  glass  tube  was  then  tied  to  the  brass  rod  which 
extended  about  three  inches  beyond  the  animal's  mouth.  In 
this  way  the  apparatus  was  firmly  anchored.  The  glass  tube 
was  then  connected  by  rubber  tubing  with  a  sensitive  tambour. 
Constriction  of  the  nasal  vessels  was  indicated  by  a  fall  in  the 
writing  lever,  vaso-dilatation  was  indicated  by  a  rise  in  the 


Fig.  1.    Apparatus  Used  to  Close  the  Posterior  Nares 

lever.  The  idea  of  Tschalussow  to  use  the  nasal  cavity  as  a 
plethyBmographic  indicator  is  of  great  value.  It  is  undoubtedly 
the  most  sensitive  indicator  of  vaso-motor  response  that  we 


Cats  were  used  throughout  this  research.  Some  of  them  were 
anesthetized  with  urethane;  others  were  anesthetized  at  first  with 
ether  and  then  rapidly  decerebrated.  One  cervical  sympathetic 
was  cut  and  glass  shielded  electrodes*  were  placed  on  the  nerve. 
These  were  connected  with  an  induction  coil  caJibrated  according 
to  Martin.* 

Table  1  shows  the  results  of  determining  thresholds  and  gives 
some  idea  of  the  range  in  different  animals.    The  average  thresh- 

■  SherrinEton:  Journal  of  Physiology,  1909,  xxxviii,  p.  382. 
< Martin:  Loc.  cit. 
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lid  value  for  the  pupils  is  seen  to  be  5.73  Z  units  of  Martin;  next 

1  order  is  the  nictitating  membrane  with  an  average  of  6.34  Z 
nits  and  then  the  nasal  vasoconstrictors  with  an  average  of 
.89  Z  units.  It  iS'readily  seen  that  all  three  are  of  the  same 
rder  of  magnitude  and  the  average  of  the  three  averages  might 
le  taken  as  approximately  the  threshold  of  the  cervical  sympa- 
hetic  in  the  neck.  It  is  6.65  Z  units.  The  corresponding  ff 
nits  of  Martin  were  not  estimated  in  all  cases,  but  the  average 
f  those  that  were  estimated  fell  in  the  same  order.  The  aver- 
ges  were  for  the  pupil  3.32  /9  xmits,  for  the  nictitating  membrane 


^L 
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fi 
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1-68 

0.97 

2.10 

1.87 

1.87 

3.80 

2.00 

2.00 

4.00 

2.60 

2.50 

4,20 

2.75 

2-83 

5.00 

3.92 

3.72 

6.00 

4.00 

4.00 

7.40 

5.00 

4.00 

9.00 

8.40 

10.30 

9.60 

10.30 

11.00 

11.00 

11.00 

15.40 

15.40 

15-40 

17.60 

18.20 

LVerage,...5.73 

3.32 

6.34 

3.68 

7-89 

458 

.68  fi  units,  and  for  the  nasal  vasoconstrictors  4.58  0  units, 
'he  average  ratio  of  (3  to  Z  in  these  experiments  was  0.58.  This 
i  of  particular  interest  because  it  is  almost  identical  with  the 
itio  (0.57)  obtained  by  E.  L.  Porter*  in  a  large  number  of  ex- 
eriments  on  peripheral  nerves.  In  view  of  this  evidence  it  ia 
lought  justiiiable  to  calculate  0  units  for  the  whole  series  on  the 
asis  of  this  ratio. 

The  threshold  of  the  nasal  vessels  was  estimated  for  the  vaso- 
jnstrictors  since  these  fibers  have  been  shown*  to  be  present  in 
le  cervical  sympathetic. 

•  E.  L,  Potter:  This  Journal,  1912-13,  ixii,  p.  149, 

*  M.  A.  Tschatuasow:  Loc.  cit.,  p.  523. 
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Urethanized  and  decerebrate  animals  were  strikingly  similar 
in  the  responses  obtained,  but  if  ether  was  used  it  was  found  that 
a  greatly  increased  strength  of  stimulus  was  necessary  to  reach 
the  threshold.  Thus  jsbservation  19  on  March  24-  in  an  ure- 
thanized animal  gave  a  threshold  of  4  Z  units  for  the  nasal  ves- 
sels; on  March  25,  observation  25,  the  same  threshold  in  an 
etherized  animal  was  26.5  Z  units;  and  on  April  3,  in  observation 
21  (decerebrate  cat)  the  threshold  was  4.2  Z  units.  The  thresh- 
olds for  pupils  and  nictitating  membrane  were  correspondingly 
high  in  etherized  animals. 


Fig.  2.  CofltinuouB  curve  shows  reaponse  of  naaal  vesaeh  plotted  agtunst 
BttmuluB  strength  (1.5  to  13  times  the  threshold).  Dotted  curve  shows  blood 
pressure  changes  in  mm.  of  Hg  plotted  against  strength  of  stimulus  increasing 
from  threshold  (W.  T.  Porter). 

Since  a  graphic  record  was  kept  of  the  response  of  the  nasal 
vessels  it  was  possible  after  the  experiment  to  measure  the  de- 
gree of  response  and  relate  it  to  the  strength  of  stimulus  used  to 
■  produce  it.  Figure  2  shows  a  curve  in  which  strength  of  stimulus 
is  plotted  against  degree  of  response.  The  abscissae  represent 
the  strength  in  terms  of  the  threshold.  Thus  a  stimulus  whose 
strength  is  three  times  the  threshold  is  called  three.     The  or- 
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dinates  represent  the  response  in  millimeters  of  change  from  the 
base  line.  No  attempt  was  made  to  estimate  the  varying  size 
of  the  nasal  cavities  so  that  the  figures  represent  approximation 
only.  Notwithstanding  this  fact  there  is  a  striking  parallehsm 
between  this  curve  and  the  one  plotted  below  with  the  interrupted 
line.  This  ia  a  curve  plotted  by  W.  T.  Porter^  showing  the  re- 
sponse of  the  vasomotor  center  to  increased  strengths  of  stimuli. 
In  the  Ught  of  Dr.  Porter's  investigation,  the  nervous  elements 
involved  are  conductors  merely,  and  the  bloodpressure  change  is 
an  approximate  index  of  contraction  of  bloodvessels.  The  two 
curves  show  a  striking  similarity,  of  response  of  bloodvessels  to 
increafiing  strengths  of  stimuli. 

Another  interesting  fact  brought  out  in  this  research  is  the 
close  correspondence  between  the  response  of  a  peripheral  auto- 
nomic fiber  and  the  response  in  a  reflex  arc  as  found  by  E.  L. 
Porter.*  He  found  the  average  strength  required  for  the  flexion 
reflex  to  be  5.2  Z  units.  Combining  the  averages  for  pupil, 
nictitating  membrane  and  nasal  vessels  in  this  investigation 
gives  an  average  of  6.65  Z  xmits  for  the  cervical  sympathetic. 
In  the  same  investigation  Porter  showed  mi  average  of  2.3  Z 
units  necessary  to  provoke  response  by  stimulation  of  a  periph- 
eral nerve.  The  average  fi  imits  for  the  cervical  sympathetic 
was  found  to  be  3.8.  Porter  found  the  average  fi  imits  for  the 
flexion  reflex  to  be  2.7  and  for  peripheral  stimulation  1.4'.  As 
previously  stated  he  found  the  ratio  of  (3  to  Z  was  0.57;  in  this 
investigation  it  was  0.58. 

It  is  very  su^estive  that  the  sympathetic  in  the  neck  should 
show  a  threshold  equal  practically  to  that  of  the  flexion  reflex. 
It  is  usually  accepted  as  a  fact  that  each  synapse  increases  the 
resistance  to  the  passage  of  an  iinpulse,  although  the  only  quan- 
titative evidence  we  have  for  that  is  shown  by  E.  L.  Porter's 
work.  In  his  investigation  as  weU  as  in  this,  at  least  one  synapse 
was  involved.  Stimulation  of  the  cervical  sympathetic  beyond 
the  superior  cervical  ganglion  seems  to  offer  a  means  of  deter- 
mining whether  the  resistance  resides  in  the  synapse  or  in  the 
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peripheral  orgiaii.  Some  experiments  which  will  be  described  in 
a  subsequent  paper  are  already  planned  for  an  answer  to  this 
questicm. 

Another  question  suggested  in  this  research  is  whether  the 
three  sets  of  fibers  supplying  nasal  vessels,  nictitating  mem- 
brane and  pupil  really  vary  in  their  thresholds  or  whether  the 
variation  in  thresholds  is  due  to  some  peculiarity  of  the  tissues 
in  which  the  fibers  end.  This  is  a  question  which  is  pertinent 
to  threshold  values  of  any  nerve  and  which  must  be  determined 
by  action  current  measurements.  The  point  of  practical  im- 
pori^ance  to  the  physiologist  is  to  know  how  much  stimulus  is 
necessary  to  apply  to  a  nerve  in  order  that  it  be  physiolc^cal  or 
at  least  comparable  to  normal  stimulation. 


1.  The  application  of  quantitative  stimulation  to  the  auto- 
nomic system  is  described. 

2.  The  threshold  for  contraction  of  an  intrinsic  smooth  muscle 
of  the  eye  (pupil)  stimulated  through  the  cervical  sympathetic 
is  5.73  Z  units,  3.32  (3  units. 

3.  The  threshold  for  contraction  of  aii  extrinsic  smooth  muscle 
of  the  eye  (retractor  muscle  of  the  nictitating  membrane)  stimu- 
lated through  the  cervical  sympathetic  is  6.34  Z  imits,  3.68  ff 
units. 

4.  The  threshold  for  contraction  of  smooth  muscle  of  the  nasal 
vessels  (vasoconstriction)  stimulated  through  the  cervical  sym- 
pathetic is  7.89  Z  units,  4.58  ^  units. 

5.  The  average  thre^old  for  the  foregoing  functions  of  the 
cervical  sympathetic  is  6.65  Z  units,  3.86  0  units: 

6.  The  response  to  increasing  strength  of  stimulus  occurs  in  the 
order  named,  pupil,  nictitating  membrane,  nasal  vessels. 

7.  The  degree  of  response  of  the  nasal  vessels  is  within  limits 
directly  proportional  to  the  strength  of  stimulus. 

The  author  wishes  to  express  appreciation  to  Dr.  E.  G.  Martin 
at  whose  suggestion  this  problem  was  undertaken  and  under 
whose  supervision  it  was  made  possible. 
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Measurements  of  the  bloodflow  in  the  femoral  vein  have  shown 
very  clearly  that  the  influx  from  the  posterior  extremities  may  be 
greatly  altered  by  subjecting  the  intra-abdominal  bloodvessels  to 
different  degrees  of  pressure.'  Thus,  it  was  readily  possible  to 
produce  marked  reductions  in  the  femoral  flow  by  moderately  in- 
flating the  peritoneal  cavity  with  air  or  by  exerting  gentle  pres- 
sure upon  the  external  surface  of  the  abdomen.  Quite  similar 
results  followed  rather  strong  contractions  of  the  diaphragm, 
induced  by  stimulation  of  the  phrenic  nerves.*  No  doubt,  the 
descent  of  this  membrane  acts  in  the  same  way  as  the  procedures 
just  mentioned,  all  of  them  tending  to  lessen  the  vascularity  of 
the  abdominal  viscera  by  first  causing  a  greater  venous  discharge, 
which  is  followed  later  on  by  a  reduction  in  the  quantity  of  the 
blood  normally  entering  the  abdomen  and  posterior  part  of 
the  body.  As  the  venous  channels  are  more  readily  compres- 
sible than  the  arterial,  this  reduction  is  ushered  in  by  phenomena 
of  venous  hyperaemia  and  stagnation,  while  an  arterial  obstruc- 
tion results  only  with  high  degrees  of  intra-abdominal  pressure. 
Eventually  these  procedures  lead  to  circulatory  disturbances 
which  are  very  similar  to  those  resulting  frcnn  occlusion  of  the 
abdominal  aorta.' 

'  See  Burton-Opitz,  Pflflger's  Archiv,  cxxi,  1908,  156. 

'  See  Burton-Opiti,  American  Journal  of  Physiology,  vii,  1902,  435. 

*  Consult  Sollmann  and  Pilcher,  American  Journal  of  Physiology,  xxxi,  1912, 
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In  accordance  with  the  results  just  mentioned  it  may  justly  be 
assumed  that  these  impediments  to  the  Circulation  throu^  the 
posterior  part  of  the  body  exert  a  profound  influence  upon  the 
distribution  of  the  blood  as  a  whole  by  greatly  augmenting  the 
flow  through  the  vessels  of  the  head.  To  prove  this  contention, 
measurements  of  the  bloodfiow  throi^  the  carotid  and  jugular 
systems  of  dc^s  were  undertaken  while  different  degrees  of  intra- 
abdominal pressure  were  established  every  now  and  then  by 
inflation  of  the  peritoneal  cavity.  The  latter  end  was  attained 
with  the  help  of  an  ordinary  trocar  connected  with  an  air  pump, 
the  degrees  of  pressure  obtained  being  indicated  by  a  manometer 
inserted  in  this  circuit.  The  registration  of  the  quantities  of  blood 
was  accomplished  by  means  of  a  stromuhr^  inserted  either  in  the 
left  carotid  artery  or  in  the  right  external  jugular  vein.  A 
membrane  manometer  connected  with  the  central  cannula  of  this 
instrument,  served  to  indicate  the  bloodpressure. 

Three  experiments  in  all  were  made  for  the  purpose  of  record- 
ing the  changes  occurring  under  these  conditions  in  the  carotid 
arteries,  but  as  perfectly  harmonious  results  were  obtained,  I 
may  be  permitted  to  shorten  this  discussion  materially  by  con- 
sidering in  detail  only  a  limited  number  of  the  phases  of  experi- 
ment 3,  performed  on  February  27,  1914.  The  values  of  the 
bloodfiow  recorded  during  these  periods,  as  well  as  other  essen- 
tial details,  are  contained  in  the  accompanying  table  1. 

To  begin  with  the  bloodfiow  amounted  on  the  average  to  2.3 
cc.  in  a  second,  while  the  pressure  equalled  about  108.5  mm.  Hg 
Shortly  after  the  beginning  of  phase  8  the  abdominal  cavity  was 
inflated  gradually,  until  the  pressure  therein  rose  to  20  mm.  Hg, 
the  inflation  beii^  continued  during  a  period  of  about  70  seconds. 

A  comparison  of  the  values  of  the  bloodflow  shows  very  clearly 
that  the  quantity  of  blood  propelled  during  the  inflation,  is  very 
much  greater  than  that  registered  previous  to  this  period  of  high 
intra-abdominal  pressure.  It  is  also  evident  that  the  augmenta- 
tion begins  almost  immediately  and  gradually  becomes  more 

<  The  recording  stromuhr  described  by  me  has  been  used  for  this  purpose. 
Pflager'B  Archiv,  cxxi,  1908,  150. 
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TABL£  1 

Carotid  hloodj^ow  in  relation  to  inlra-abdominal  pressure.     (.Experiment  9, 
Febrvary  S7,  mi) 
Dog   It.S  Kg.   Stromuhr  in  earotid  artery 
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8.0 

19.2 

2  41 

None 

6 
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7 
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12 
13 

3.5 
3.6 

17.2 
17.5 

4.91 
4.86 
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14 
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20,5 
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22 

8.0 

17.5 
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23 
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18.5 
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Ajtother  procedure 
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IS. 2 

2.16 
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50 
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51 

8.2 

20,0 
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conspicuous  in  the  course  of  the  inflation,  but  naturally,  a  short 
time  elapses  before  the  maximal  value  of  the  flow  is  attained. 
The  increase  preserves  in  a  measure  a  direct  relationship  to  the 
degree  of  pressure  exerted.  In  the  experiments  before  us  the 
flow  is  doubled  with  about  20.  mm.  of  pressure  and  is  rendered 
three  times  greater  than  normal  by  pressures  ranging  from  30  to 
40  mm.  Hg.  Normal  conditions  are  again  established  very  shortly 
^ter  the  intra-abdominal  pressure  is  permitted  to  return  to  its 
original  low  level. 

This  augmentation  in  the  carotid  flow  la  always  accompanied 
by  a  rise  in  the  general  bloodprrasure,  the  amplitude  of  which  is 
in  agreement  with  the  amotmt  of  blood  diverted  to  this  p^licu- 
lar  r^on.  It  must  be  concluded  therefore  that  this  rise  in  the 
general  pressure  which  is  a  familiar  phenomenon  to  most  of  us,* 
finds  its  origin  in  the  transfer  of  a  large  amoxmt  of  blood  from  the 
circuits  of  the  posterior  part  of  the  body  into  those  of  the  head, 
forelegs  and  adjoining  regions. 

The  foregoing  phenomena  may  be  rendered  especially  conspic- 
uous by  digital  compression  of  the  abdominal  aorta  below  the 
diaphragm.  It  seems  quite  natural  to  suppose  tiiat  this  pro- 
cedure possesses  an  influence  upon  the  distribution  of  the  blood 
which  is  very  similar  to  that  ^certed  by  a  high  intra-abdominal 
pressure.  While  the  posterior  vascular  channels  are  rendered 
more  or  less  empty,  the  fore  part  of  the  body  is  made  to  accom- 
modate an  extra  amount  of  blood. 

A  clear  idea  regardii^  the  character  of  the  changes  occurring 
under  these  conditions  can  readily  be  obtained  from  the  accom- 
panying table  11.  It  seems  superfluous  to  insert  a  larger  num- 
ber of  experiments,  because  the  one  here  submitted  fully  proves 
the  points  previously  emphasized.  The  carotid  bloodflow 
amounted  in  this  case  to  2.24  cc.  in  a  second,  while  the  prrasure 
continued  at  about  118.5  mm.  Hg.  The  occlusion  of  the  ab- 
dominal aorta  raised  the  value  of  the  bloodflov  almost  imme- 
diately to  4.68  cc.  per  second  and  the  pressure  to  145.6  mm.  Hg, 

'  A  very  comprehenBive  study  of  intra-abdominail  prewure  has  been  m&de  by 
H.  Emeraon.    See:  Archiv  of  Int.  Med.,  vii,  1911. 
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;se  values  being  retained  with  slight  fluctuations  throughout 
J  period  of  compression.  On  releasing  the  pressure  upon  the 
rta  normal  vascular  conditions  were  again  established  within  a 
r  seconds,  but  a  very  rapid  decompressiftn  generally  had  the 
Bct  of  causing  a  momentary  subnormal  flow  and  pressure. 
To  show  that  the  variations  in  the  carotid  bloodflow  are  fully 
npensated  for,  the  precedii^  tests  have  been  amplified  by 

TABLE  ti 

Carotid  bloodfime  on  eomprettion  of  obdoim'TUiI  aorta.     (ExpertTnent  1, 

May  S,  t9U) 

Dog:  H  Kg.   Stromukr  in  carotid  artery 
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9.0 

21.0 

2.33 

21 

10.1 
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Compression  of  ab- 
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dominal  aorta 

2H 

5.2 

20.0 

3,84 

2fi 

9.8 

20.4 

2.08 

102.8 

27 

10.0 
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9.0 

19.9 
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None 

29 

9.1 

18,9 

2,06 

30 

10.2 

20.0 

1.96 

series  of  calibrations  of  the  venous  return  through  the  right 
ternal  jugular  vein.  In  other  particulars  the  experimental 
nditions  are  the  same  as  those  outlined  previously.  Experi- 
jnt  I,  a  part  of  which  is  presented  in  table  III,  is  intended 
portray  the  effects  upon  the  venous  influx  of  increasing  the 
jra-abdominal  pressure  and  experiment  II,  outlined  in  table 
',  the  changes  following  the  digital  compression  of  the  ab- 
minal  aorta.  In  examining  these  data  it  should  be  home  in 
nd  that  the  arterial  pressure  has  been  recorded  in  these  experi- 
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TABLE  UI 
Venou*  influx  in  relation  to  intra-dbdominal  pregturt.    (Experiment  1, 

May  8,  1814) 
Dog:  II  Kg.    Stromuhr  in  ext.  jug.  t 
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meats  in  the  femoral  artery  and  the  venous  pressure  in  the  ri^t 
extern^  jugular  vein.  In  order  that  the  reader  may  be  enabled 
to  orient  himself  more  fully,  a  limited  number  of  the  phases  of 
each  expenment  have  been  reproduced  in  the  text,  the  values 
given  in  the  tables  being  directly  transferable  to  the  curves. 
In  both  reproductions  the  arterial  pressure  (F),  as  well  as  the 

TABLE  tV 

Vtnoui  XTiflux  on  eomprettion  of  obdomtnol  aorta.     (Experiment  t, 

May  IS,  IBI4) 

Dog:  1S.0  Kg.  Slromuhr  tn  exl.  jug.  vein 
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dominal  aortft 
None" 

dmninaJ  aorU 
None 

venous  pressure  (V),  has  been  recorded  above  the  common 
abscissa  E.  The  time  (70  is  given  in  seconds.  In  figure  1  the 
letters  AB  indicate  the  period  of  high  intrar-abdominal  pressure 
and  in  figure  2  the  time  of  compression  of  the  abdominal  aorta. 
The  record  of  the  stromuhr  is  marked  by  the  letter  S. 
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These  later  experiments  prove  very  clearly  that  the  venous 
bloodstream  is  subject  to  the  same  changes  as  the  arterial,  be- 
cause the  inflation  of  the  abdominal  cavity,  as  well  as  the  com- 
pression of  the  aorta,  produced  increases  in  the  venous  flow  in 
no  way  less  pronounced  than  those  encountered  on  the  arterial 
.  side.  A  brief  reference  to  the  adjoining  curves  will  prove  this 
point.  On  examining  figure  1,  it  is  found  that  the  bloodflow 
which  previous  to  the  inflatiop  of  the  abdominal  cavity  amoiinted 
to  only  1.70  cc.  in  a  second,  increases  steadily  as  the  pressure 
rises,  until  it  reaches  its-  maximal  value  of  4.70  cc.  in  a  second 
during  phase  21;  It  is  to  be  noticed  that  ibiB  point  coincides 
with  the  greatest  degree  of  intra-abdominal  pressure  attained  in 
this  case.  The  venous  pressure  shows  a  rise  which  is  in  harmony 
with  the  increase  in  the  bloodflow.  Its  value  at  the  b^inning 
of  the  experiment  was  0.8  mm.  Hg  and  at  the  end  of  the  infla^ 
tion  9.8  mm.  Hg. 

The  general  pressure,  determined  in  the  fonoral  artery,  also 
presents  a  rise;  evraitually,  however,  its  general  level  declines 
somewhat  below  that  attained  at  the  beginning  of  the  inflation. 
This  premature  decrease  implies  that  the  high  intra-abdominal 
pressure  serves  as  an  impediment  to  the  flow  of  the  blood  to  the 
posterior  extremities,  but  naturally,  the  degree  of  pressure  here 
employed  (30  nun.  Hg)  is  not  sufficient  to  cause  a  blocking  of 
the  arterial  inflow  which  would  permit  the  femoral  pressure  to 
fall  below  its  normal  level.  In  this  connection,  it  must  be  re- 
membered that  the  pressure  m  the  carotid  system  pursues  a 
radically  different  course.  Not  being  directly  exposed  to  the 
high  intrarabdominal  pressure,  the  carotid  arteries  remain  over- 
filled throughout  the  period  of  inflation  and  hence,  the  pressure 
within  these  bloodvessels  retains  its  iug^x  level  rather  persistently, 
an  appreciable  compensatory  fall  occurring  only  if  the  experiment 
is  continued  for  a  relatively  long  time. 

The  phenomena  displayed  by  figure  2  are  very  similar  to 
those  just  described.  The  compression  of  the  abdominal  aorta 
occurring  between  points  A  and  B,  increased  the  venous  flow 
from  1.86  cc.  in  a  second  to  4.80  cc.  in  a  second.  A  marked 
rise  in  the  venous  pressure  accompanied  this  change,  while  the 
general  pressure  which  was  determined  in  this  case  in  the  fem- 
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oral  artery,  presented  at  this  time  a  pronounced  fall  for  obvious 
reasons.  This  curve  also  shows  a  compensatory  fall  in  the 
pressures  and  the  &ow  subsequent  to  point  S,  which  was  caused, 
as  has  been  stated  previously,  by  releasing  the  compres^on  too 
suddenly. 

The  experiments  briefly  referred  to  at  the  beginning  of  this 
paper  have  shown  that  the  downward  movement  of  the  dia- 
phragm occasioned  by  the  stimulation;  of  the  phrenic  nerves, 
possesses  a  rather  perplexing  influence  upon  the  distribution  of 
the  blood,  in  that  it  lessens  the  venous  return  from  the  posterior 
extremities  and  increases  the  flow  from  the  external  jugular 
veins.  Clearly,  this  phenomenon  cannot  be  explained  satisfac- 
torily upon  the  basis  of  an  inspiratory  fall  in  the  intra^thbracic 
pressure,  because  the  aspiratory  force  does  not  act  in  the  same 
way  upon  the  two  venae  cavae.  A  much  more  plausible  reason 
for  it  is  to  be  found  in  the  increased  intra-abdominal  tension 
coincident  with  the  descent  of  tbe  diaphragm;  which  hindene  the 
flow  of  the  blood  through  the  posterior  channels  of  the  body  and 
greatly  favors  the  circulation  through  bloodvessels  of  the  head. 

The  question  of  whether  an  appreciable  transfer  of  blood  also 
takes  place  when  the  respiratory  motions  are  shallow  and  of  brief 
duration,  cannot  be  answered  with  certainty.  The  present  ex- 
periments suggest,  however,  that  this  mechanism  is  brought  into 
play  as  soon  as  the  movements  become  deep  and  prolonged  or 
whenever  im  undue  resistance  is  encountered  by  the  descending 
diaphr^m. 

While  clearly  recognizing  the  important  bearing  of  the  intra- 
abdominal pressure  upon  the  distribution  of  the  blood,  our 
attention  must  also  be  directed  to  the  influence  of  the  suction 
action  of  the  inspiratory  motions  upon  the  venous  return  and 
especially  upon  that  from  the  fore  part  of  the  body.  Henderson 
and  Barringer*  seem  to  attach  only  a  slight  importance  to  this 
factor,  because  they  state  that  "the  suction  induced  in  the 
intrarthoracic  veins  by  the  negative  pressure  of  the  thorax  has 
by  some  writers  been  supposed  to  draw  the  blood  onward  from 
the  extra-thoracic  vessels.     If  so,  the  inspiratory  increase  of  the 

*  Henderson  and  Barringer:  American  Journal  of  PhjrBiology,  xxxi,  1912,  402. 
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negative  pressure  would  augment  the  venous  supply  to  the  right 
heart.  It  seems  now  to  be  generally  recc^snized,  however,  that 
a  suction  cannot  be  transmitted  to  any  considerable  distance 
through  the  veins.  They  are  too  readily  collapsible;  the  pres- 
sure within  them  is  too  low  and  the  flow  is  too  slow."  It  seems 
to  me  that  these  conclusions  are  based  solely  upon  evidence 
which,  at  best,  could  be  true  only  in  a  relative  way  and  hence, 
it  must  be  regarded  as  doubtful  whether  the  factors  here  cited 
are  sufficiently  powerful  to  prevent  an  influence  of  this  kind 
from  being  brought  to  bear  upon  the  venous  current. 

I  may  be  permitted  to  refer  in  this  connection  to  certain  ex- 
periments of  my  own^  which,  although  not  mentioned  by  the 
authoi^  just  cited,  possess  a  direct  bearii^  upon  this  question. 
These  tests  have  shown  that  the  respiratory  motions  induce 
inspiratory  augmentations  and  expiratory  retardations  in  the 
venous  flow  in  the  external  jugular  vein  which  pfeserve  a  direct 
relationship  to  the  depth  of  the  movements,  and,  that  similar 
variations  accompany  the  contractions  of  the  diaphragm  when 
induced  by  moderate  stimulations  of  the  phrenic  nerves.  Thus, 
having  proved  that  the  influences  dependent  upon  changes  in 
intra-thoracic  pressure,  must  indeed  be  reckoned  with,  the  sup- 
positions of  Henderson  and  Barringer  cannot  be  considered  as 
valid. 

As  these  respiratory  variations  occur  at  intervals  withbut 
that  the  venous  flow  suffers  a  marked  retardation  and,  more- 
over, as  the  flow  continues  unabated  when  the  respiratory  move- 
ments are  made  to  cease  during  brief  periods  of  time,  I  felt  jus- 
tified in  concluding  Further  that  the  heart  is  by  far  the  most 
important  factor  while  respiration  plays  only  a  secondary  part. 
The  latter  merely  assists  in  propelling  the  blood  into  the  more 
central  venous  channels.  Henderson  and  Barringer*  state  that 
"according  to  our  view  the  utmost  assistance  that  respiration 
can  afford  to  the  circulation  is  to  maintain  a  venous  pressure 
suflicient  to  distend  the  right  ventricle  as  rapidly  as  it  closes 
and  as  fully  as  the  duration  of  diastole  allows."  I  confess  that, 
in  consideration  of  the  experimental  data  submitted  by  me 

'  Burton-Opiti:  Am.  Joum.  of  Phyaiol.,  vii,  1902,  435. 
'  Loc  cit.,  p.  400. 
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twelve  years  ago,  I  cannot  do  otherwise  than  fully  coincide  with 
this  statement.* 

The  importance  of  the  respiratory  movements  increases  with 
every  increase  in  the  frequency  and  depth  of  the  motions  and 
hence,  a  state  of  activity  may  be  reached  at  times  during  which 
the  respiratory  effects  become  indeed  of  surpassing  importance 
to  the  venous  flow  and  pressure.  The  evidence  supphed  by  the 
present  experiments  therefore  seems  to  favor  the  view  that  the 
chest  and  abdomen  may  act  as  a  force  and  suction  pump. 

The  question  of  whether  a  greater  quantity  of  blood  is  fur- 
nished to  the  heart  during  inspiration,  cannot  be  answered  with 
certainty,  because  it  must  be  considered  as  possible  that  the 
augmented  flow  from  the  fore  part  of  the  body  is  counterbal- 
anced by  a  decrease  in  the  influx  from  the  inferior  vena  cava. 
Eppinger  and  Hofbauer^"  have  pointed  out  that  the  lumen  of 
this  bloodvessel  is  lessened  during  inspiration.  Under  ordinary 
conditions  this  change  would  serve  as  an  impediment  to  the 
venous  return.  While  proving  this  supposition  regarding  the 
flow  to  be  correct,  the  preceding  tests  have  also  shown  that  the' 
period  of  lessened  influx  during  the  descent  of  the  diaphragm  is 
ushered  in  by  a  brief  augmentation  which  may  partially  com- 
pensate for  the  decrease  occurring  later  on. 

For  this  reason  I  am  rather  inclined  to  believe  that,  on  the 
whole,  the  cardiac  vestibule  and  central  venous  channels  receive 
a  greater  supply  of  blood  during  the  inspiratory  movement. 
Providing  that  the  heart  is  sufficiently  receptive  at  this  time,  it 
may  be  conjectured  that  the  degree  of  venous  pressure  existing 
at  the  end  of  inspiration  greatly  favors  ■  an  augmented  influx 
into  the  auricle.  But  again,  it  is  conceivable  that  the  inspira- 
tory and  expiratory  variations  in  the  flow  are  counterbalanced 
and  that  the  flow  through  the  auricular  orifice  is  therefore  con- 
stant. I  mention  this  possibility  merely  to  show  that  a  con- 
stancy of  flow,  such  as  Henderson  and  Barringer,  as  well  as  Piper," 
assume  to  be  present,  could  also  be  obtamed  without  taking  the 
"effective  pressure"  into  consideration. 

'  See  Burton-Opiti,  This  Journal,  vii,  1902,  446. 
'°  Eppinger  and  Hofbauer:  Zeitachr.  f.  klin.  Med.,  Ixxii,  1911,  154. 
"  Piper:.Arehiv  t.  Anat.  u.  Physiol,,  1913,  396. 
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I.   INTRODtlCTORY 

In  the  course  of  these  studiee  we  first  devoted  ourselves  to  the 
determmation  of  the  various  pathways  of  escape  for  the  fluid 
from  the  subarachnoid  spaces,  and  it  was  not  until  some  com- 
prehoision  of  these  processes  was  afforded'  that  our  attention 
was  turned  to  the  question  (^  its  elaboration.  In  a  preceding 
paper  it  was  pointed  out  that  the  fluid  need  not  be  considered  as 
solely  a  product  of  the  choroid  plexuses,  for  evidence  was  pre^ 
sented  that  accretions  to  the  fltiid  may  be  derived  from  the 
important  perivascular  system,  which,  in  accordance  with  our' 
conception,  carries  the  fluid  waste  products  of  nerve  cell  activity 
toward  the  subarachnoid  spaces.*  The  question  naturally  arose, 
do  the  drugs  which  appear  to  increase  the  flow  of  cra^bro-spinal 
fluid  act  directly  on  the  choroid  pltouses  or  is  their  influence 
cocerted  on  the  cerebral  capillaries  in  such  a  way  that  an  in- 
creased amount  of  fluid  is  poured  out  through  the  perivascular 
lymphatics?  In  the  attempt  to  answer  this  question  it  was 
necessary  to  devise  some  method  by  which  the  secretion  from 
the  choroid  plexuses  themselves  could  be  secured  apart  from 
that  possibly  derived  from  other  sources.    This  was  at  first 

'  '  Studies  on  cerebTO-epinal  fluid.    Nos.  I-VII.    Jour.  Med.  Rewarch,  1914. 
xxri,  1  to  178. 

'  Ibid,  No.  IV.  The  dual  source  of  cerebro-spinal  fluid.  Jour.  Med.  Research, 
1914,  xxsi,  109. 
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accomplished  by  the  method,  described  in  an  earlier  paper,  of 
catheterizing  the  third  ventricle  through  the  aqueduct  of  yl- 
vius  after  opening  the  cistema  magna  and  exposing  the  fourth 
ventricle;  and  though  information  of  value  was  thus  secured  the 
method  is  open  to  the  many  objections  which  apply  to  all  ex- 
tensive suboccipital  procedures — the  severity  of  the  operation 
with  its  considerable  trauma  and  loss  of  blood,  the  unavoidable 
immediate  escape  of  a  considerable  amount  of  pre-formed  fluid, 
and,  in  case  an  attempt  is  made  to  tap  the  cistern  without  the 
preUminary  operative  exposure  of  the  occipito-atlantoid  ligament, 
the  liability  of  pricking  the  brain  stem,  with  more  or  less  resultant 
subarachnoid  bleeding. 

Some  studies  by  W^efarth*  had  demonstrated  the  absence 
of  complications  following  a  mid-line  puncture  of  the  third 
ventricle  directly  through  the  longitudinal  sinus,  and  conse- 
quraitly  we  came  to  employ  this  device  in  our  later  observations 
(e.g.  protocol  of  experiment  LIV),  for  under  these  circumstances 
the  operative  steps  preliminary  to  securing  a  uniform  record  of 
drops  are  greatly  simplified,  and  as  the  cranial  chamber  remains 
intact  there  is  no  immediate  escape  of  a  large  amount  of  fluid. 

We  have  vaitured  to  introduce  the  term  choroidorrhoea  as  a 
convenient  designation  of  a  condition  of  increased  secretory 
activity  of  the  plexuses. 

n.   BBVIEW   OF   LITERATURE 

The  early  suggestion  by  Faivre*  and  by  Luschka'  some  sixty 
years  ago,  that  the  choroid  plexuses  give  rise  to  the  fluid,  was 
based  entirely  upon  the  presumably  glandular  character  of  these 
vascular  structures.  The  first  definite  proof  of  the  correctness 
of  their  assumption  was  not  afforded  until  Capelletti*  in  1900 

■  Ibid,  No.  VI,  The  EBtablisbmeat  of  Dr&inage  of  Intra-ocular  and  Intra- 
cranial  Fluids  into  the  Venom  SyBtem.    Jour.  Med.  Research,  1914,  xxxi,  149. 

'  Faivre,  £. :  Des  granulationeB  meninKienneB.    Paris  Theeie,  1853. 

'  Luschka,  H.;  Die  Adergeflechte  des  menechlichen  Gehime,  Berlin,  1855. 

*  Capelletti,  L. :  L'effliuso  del  liquido  cerebro^pinale  dalla  6atola  cefalb- 
lachidiana  in  condiiioni  normali  e  sotto  rinfluenia  di  alcuni  fannaci.  Atti 
deir  Accad.  d.  Scienic  Med.  e  Nat.  d.  Ferrara,  1900,  Ixxiv,  85. 


db,Google 


EFFECT  OF   PITniTARr  EXTRACT  UPON  ITS  SECRETION         79 

introduced  pharmacolc^cal  agents  into  the  study  of  cerebro- 
spinal fluid  production.'  He  demonstrated  a  marked  increase 
in  the  rate  of  flow  of  the  fluid  under  the  influence  of  muscarine, 
pilocarpine  and  ether,  and  a  slowing  under  the  influence  of 
atropine.  Two  years  later  Pettit  and  Girard,'  as  reported  in 
their  exceptional  monograph,  correlated  the  conditions  of  in- 
creased production  of  the  fluid  with  the  occurrence  of  definite 
histological  changes  in  the  cells  of  the  choroid  pleonises,  thus 
affording  more  convincing  proof  than  had  been  presented  that 
these  structures  are  concerned  with  the  elaboration  of  the  fluid. 
Subsequent  studies  by  Meek,*  Findlay,*  Yoshimura'"  and  a 
number  of  others  served  to  place  the  secretory  function  of  the 
plexuses  upon  a  still  more  solid  basis,  and  Mott,"  goes  so  far  as 
to  term  these  structures  the  "choroidal  glands." 

More  recently  Dixon  and  Halliburton"  have  presented  re- 
ports dealing  with  the  rate  of  production  of  cerebro-spinal  fluid 
under  the  influence  of  various  pharmacological  ^encies  imem- 
ployed  by  Capelletti.  They  were  apparently  the  first  and  only 
investigators  to  report  upon  the  effects  of  pituitary  extracts, 
which  in  th^  hands  gave  entirely  negative  results.  They  made, 
however,  the  significant  observation  that  a  marked  increase 
in  the  secretion  follows  the  intravenous  injection  of  dried  extracts 
of  the  choroid  plexuses  and  that  a  sl^t  response  also  occurs  to 
extracts  of  brain  substfuice  itself.  This  demonstration  of  an 
apparent  hormone  action  upon  the  production  of  the  fluid  will 
doubtless  incite  others  'to  work  in  this  field,  and  many  other 

'  Pettit,  A.,  and  Girard,  J. :  Sur  la  fonctios  eter^toire  et  la  morphologie  des 
PlexuB  Choroid  dee  ventricules  lat£raux  du  Systeme  nerveux  central.    Paris,  1902. 
•  M«ek,  W.  J. :  A  study  of  the  choroid  plexus.    Jour.  Comp.  Neurol,  and  Psych., 
1907,  XTii,  286. 

'  Findlay,  J.  W. .  The  choroid  plexuses  of  the  lateral  ventricles  of  the  brain: 
their  histology  normal  and  pathological.     Brain,  1899,  xxii,  161. 

'*  Yoehimura,  K.;  Die  hiBtochemiache  Verhalten  dee  m«nschlichen  Plexus 
choroideus.    Arbeiten  a.  d.  neurol.  Inat.  &.  d.  Wien  Univ.,  1909,  xviii,  1. 

"  Mott,  F.  W. :  "The  Oliver^harpey  lectures  on  cerebro-flpinal  fluid."  Lan- 
cet, 1910,  ii,  1. 

>*  Dixon,  W.  E.,  and  Halliburton,  W.  D.:  The  action  of  the  choroid  plexuses 
on  the  secretion  of  cerebro-spinal  fluid.  Jour.  Physiol.,  1910,  xl,  30;  Cerebro- 
spinal fluid,  I.    The  secretion  of  the  fluid.    Ibid,  1913,  Ixvii,  216. 
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tissue  extracts  will  undoubtedly  be  tested."  Most  of  our  own 
^periments  were  made  before  the  publication  of  Dixon  and 
Halliburton's  complete  pap^,  and  our  experiences  with  ether, 
adrenaline,  pilocarpine  and  other  substances  are  more  or  less  in 
accord  with  those  of  our  predecessors.  In  this  report  we  shall 
dwell  delusively  upon  the  effects  observed  with  pituitary  ex- 
tracts. 

in.   METHODS  EMPLOYED 

The  rate  of  production  of  cerebro-spinal  fluid  has  Been  studied 
by  previous  observers  in  various  ways.  Cavazzani"  established 
a  cerebro-spinal  fistula  for  the  purpose,  but  in  the  majority  of 
cases  hollow  needles  or  cannulae  have  been  introduced  into  the 
great  subarachnoid  cistern  beneath  the  occipito-atlantoid  liga^ 
ment  or  elsewhere  into  the  subarachnoid  spaces  of  the  spinal 
canal. 

The  results  obtained  by  these  customary  methods,  as  has  been 
indicated,  are  susceptible  to  misinterpretations,  and  in  the  attempt 
to  avoid  them,  in  our  early  studies  use  was  made  of  ventricular 
catheterization  liuvx]^  the  iter.  The  small  paraffined  silk 
catheters  employed  were  calibrated  in  terms  of  millimeters  of 
water  (i.e.  the  height  of  a  column  of  water  suffici^it  to  cause 
fluid  to  drop  from  the  end) ;  and  after  operative  ratposure  of  the 
fourth  ventricle  practise  makes  it  possible  to  safely  introduce 
one  of  them  along  its  floor  and  through  the  aqueduct  of  Sylvius 
into  the  third  ventricle.  The  resistance  of  the  catheters  was 
such  that  pressures  approximating  the  normal  were  maintained 
within  the  ventricles.  In  thb  way  the  normal  intraventricular 
pressure  conditions  were  supposedly  not  interfered  with,  and  the 
results  obtained  promised  a  greater  degree  of  rehability  than 
when,  under  the  usual  conditions  of  such  an  experiment,  the 
mtrav^tricular  tension  is  allowed  to  fall  almost  to  zero. 

"  Fraiier  reports  briefly  upon  experiencea  in  this  direction  and  etatea  that 
thyroid  preparations  appear  to  inhibit  the  secretion.  (The  cerebro-spinal  fluid 
as  a  problem  in  intracranial  surgery.    Jour.  Amer.  Med.  Assn.,  1914,  Ixiii,  287.) 

"  CavftKEani,  E. :  La  fietola  cefalorachidians.  Atti  dell'  Accod.  d.  Sciente 
Med.  e  Nat.  di  Ferrara,  1809,  Ixxiii,  27. 
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The  chief  disadvantage  of  this  method  lay  in  the  severity  of 
the  preliminary  operative  procedure,  and  indeed  the  mere  free 
exposure  of  the  occipito-atlantoid  hgament  in  the  canine  with  the 
subsequent  introduction  of  a  needle  into  the  posterior  cistem, 
after  the  manner  usually  employed,  is  open  to  the  same  ob- 
jection. To  avoid  the  loss  of  blood  and  shock  incidental  to  this 
extensive  exposure  Dixon  fmd  Hallibiirton  inserted  the  needle 
through  the  soft  parts  and  lament  into  the  cistra^i  after  making 
little  more  than  a  skin  incision;  but  there  is  always  danger  under 
these  circimistances  of  prickii^  the  nervous  axis  and  of  caus- 
ing subarachnoid  bleeding.  Even  with  a  successful  pimcture 
of  the  cistern  by  this  method  and  the  use  of  a  calibrated  needle 
we  felt,  for  the  reasons  given,  that  our  observations  would  be 
more  dependable  could  our  records  be  made  from  the  intra- 
ventricular rather  than  from  the  subarachnoid  fluid  spaces. 

We  finally  hit  upon  the  far  simpler  method  of  introducing  the 
calibrated  needle  into  the  third  ventricle  by  a  callosal  puncture — 
a  method  which,  besides  its  simpUcity,  has  the  additional  ad- 
vantage  of  tapping  the  ventricle,  with  the  skull  and  meninges 
left  intact,  so  that  the  intracranial  physical  conditions  remain 
unaltered  and  there  is  no  primary  gush  of  fluid  such  as  occurs 
when  the  cistern  is  entered  throi^h  the  occipito-atlantoid  hga- 
ment. 

In  this  procedure  a  mid-line  perforation  through  the  bone  and 
down  to  the  longitudinal  sinus  is  made  with  a  small  drill  the  size 
of  the  calibrated  trocar  which  is  to  follow  it,  so  that  the  latter 
when  introduced  stays  securely  in  place.  This  snuill  opening 
is  occluded  with  wax  or  plastacene  and  the  trocar  and  cannula 
are  then  introduced  directly  through  the  sinus  and  alongside. the 
falx  into  the  third  ventricle — a  depth  of  2.5  or  3.5  cm.,  depend- 
ii^  on  the  size  of  the  animal  (fig.  1).  The  trocar  is  then  with- 
drawn from  the  cannula  and  clear  fluid,  without  the  usual  pri- 
mary outrush,  begins  to  drop  at  r^;;ular  intervals  which  can  be 
recorded. 

In  all  such  observations  the  anaesthetic  requires  particular 
attention.  As  both  chloroform  and  ether  are  known  to  affect 
the  flow  of  cerebro-spinal  fluid,  they  must  be  administsred  more 


dbyGoogIc 


82  LEWIS  H.   WEED   AND   HABVEY  GUSHING 

evenly  than  is  possible  when  either  of  these  volatile  anaes- 
thetics is  given  in  a  cone  or  by  the  op^  drop  method.  Only 
by  the  employment  of  intratracheal  insufflation  with  an  mi< 
changing  tension  of  the  anaesthetic  can  a  loi^  endurii^;,  constant 
level  of  blood  pressure  be  insured  during  the  number  of  hours 
necessary  for  the  experiment." 

The  experiments  were  conducted  with  the  subject  (dog  or  cat) 
in  the  ventral  position.  The  arterial  blood  pressure  as  a  rule 
was  recorded  from  the  carotid,  for  though  the  femoral  was 


FiK.  I.    Sagittal  Section  of  Canine  Skull,  Showing  Point  of  Election  for 
Tapping  Intraventricular  Fluid. 

occasionally  used,  the  ligation  of  one  carotid  apparently  has  no 
effect  on  the  secretion  of  the  fluid.  The  respiration  tambour 
recorded  inspiration  by  an  upward  stroke.  In  certain  observa- 
tions the  urinary  outflow  was  also  included  on  the  record,  the 
drops  of  urine,  issuing  from  a  catheter  inserted  in  a  ureter  extra- 
peritoneslly  in  the  loin,  being  indicated  by  an  appropriate  signal. 

"  DixoD  and  Halliburton  attempted  to  overcome  these  difficulties  by  using 
morphine  and  urethane  as  an  anaesthetic.  We  have  had  less  aucceaa  with  this 
method. 
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All  iDJectioiiB  were  made  intravenously,  usually  into  the  small 
saphenous  vein,  readily  exposed  on  the  posterior  aspect  of  the 
dog's  leg  and  by  far  the  most  satisfactory  vessel  in  which  to  make 
repeated  injections  with  an  animal  in  this  position. 

rv.  THE    EFFECT   OP    PITUITABY   EXTRACTS    UPON   THE    FLUID 
PRODUCTION 

It  is  well  known  that  intravenous  injections  of  suitable  amounte 
of  posterior  lobe  preparations  cause  a  rather  prolonged  rise  in 
arterial  pressure,  usually  preceded  by  an  initial  fall  of  variable 
duration.  This  typical  haemodynamic  response,  first  noted  by 
Schafer,"  was  attributed  by  Howell"  to  substances  confined 
to  the  pars  nervosa.  Repeated  injections  of  these  extracts  at 
short  intervals  tend  in  the  main  to  Increase  the  depressor  phase 
at  the  expense  of  the  pressor. 

Experience  has  taught  us  that  there  is  great  variability  in  these 
haemodynEunic  responses  to  posterior  lobe  extracts,  whether  due 
to  the  method  of  preparation,  to  the  state  (possibly  seasonal) 
of  inactivity  or  otherwise  of  the  gland  from  which  the  extracts 
are  prepared,  or  to  the  individual  susceptibility  to  the  extracts 
(possibly  again  season^  or  periodic)  on  the  part  of  the  animals 
on  which  they  are  tested.  Undoubtedly  many  of  the  contra^ 
dictory  results  of  the  pharmacological  studies  on  hypophysial 
extracts  are  attributable  to  these  several  sources  of  confusion. 
Moreover  there  are  in  all  likelihood  several  active  principles  or 
hormones,  rather  than  a  angle  one,  contained  in  the  gland,  and, 
by  the  particular  method  of  preparation  employed,  one  or  another 
of  the  substances  may  fail  to  be  extracted  even  should  it  actually 
have  been  present  in  significant  amounts  in  the  fresh  glands. 
Thus  one  may  secure  preparations  in  which  either  the  pressor 
or  the  depressor  response  is  paramount,  or  preparations  in  which 
there  is  no  haepiodynamic  response  whatsoever,  and  yet  the 
same  preparations  may  cause  marked  diuresis,  or  glycosuria, 

"  Scbfifer,  E.  A.:  The  phyeiologicBl  eSecta  of  extracts  ot  the  pituitary  body. 
Jour.  Fhyeiol.,  1890-1900,  xxv,  87. 

"  Howell,  W.  H. :  The  physioloKJcal  effects  ot  extracts  of  the  hypophysis  cere- 
bri and  infundibular  body.    JoUr.  Exper.  Med.,  1808,  iii,  245. 
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or  powerfully  contract  smooth  muscle,  and  so  on.  We  have 
observed,  too,  that  successive  proprietary  samples  extracted 
presumably  by  the  same  technical  method  are  most  variable 
in  their  potency,  so  that  until  the  pharmacologist  can  actually 
isolate,  and  perhaps  synthesize,  the  substance  or  substances  in 
question,  making  it  possible  to  estimate  accurately  the  dosage, 
negative  reactions  with  the  substances  at  hand  are  far  less  sig- 
nificant than  positive  ones. 

As  it  is  true  of  the  haemodynamic  or  diuretic  responses,  so  in 
the  case  of  the  cerebro-spinal  fluid  production  great  variation 
has  been  observed  with  the  different  extracts  which  have  been 
used.  The  most  active  preparations  in  our  experience  have 
been  the  dried  extracts  of  fresh  bovine  posterior  lobee  prepared 
in  this  laboratory  and  also  some  powdered  extracts  dried  in 
vacuo  for  us  by  Armour  and  Company.  We  have  compared 
these  dried  ^tracts  with  the  various  fluid  preparations  of  the  differ- 
ent pharmaceutical  firms  (Parke,  Davis  and  Company's  "Pitui- 
trin;"  Lucius,  Meister,  and  BrUnig's  "Hypophysin;"  Armour 
and  Company's  "Pituitary  Liquid,"  and  the  "Pituitary  Extract" 
of  Schering  and  Glatz),  and  thoi^h  none  of  them  has  been 
as  potent  as  the  dried  extracts,  nevertheless  an  augmentation 
of  the  flow  of  cerebro-spinal  fiuid  has  been  obtained  at  one  time 
or  another  from  each  of  these  fluid  preparations. 

A  fairly  typical  though  slight  response  to  the  injection  of  1  cc. 
of  "Hypophysin"  is  shown  in  Record  I,  the  fluid  in  this  experi- 
ment (No.  XXXII)  issuing  from  a  calibrated  needle  in  the  cis- 
tema  magna  with  a  regular  outflow  established  at  the  rate  of  a 
drop  about  every  twenty  seconds.  Following  the  injections 
the  characteristic  though  slight  vasomotor  response  (with  a 
primary  depressor  phase  from  114  nun.  to  84  mm.  and  a  sub- 
sequent rise  to  128  mm.  Hg.)  occurred,  with  a  moderate  acceler- 
ation of  fluid  outflow  at  the  rate  of  a  drop  every  eight  seconds 
for  the  succeeding  two  minutes,  followed  by  a  subsequent  slow- 
ing of  the  pre-injection  rate. 

Subsequently  (cf.  Record  II)  in  the  course  of  thb  same  experi- 
ment (No.  XXXII),  after  the  re-establishment  of  a  regular  fluid 
outflow,  at  the  rate  of  a  drop  every  thirty  seconds,  an  injection 
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of  50  mgm.  of  the  dried  bovine  extract  in  3  ec.  of  salt  solution 
gave  a  more  pronounced  response,  with  the  typical  fall  (from  126 
to  78  mm.  Hg.)  fuid  subsequent  rise  (to  166  mm.)  in  blood  pressure, 
the  former  phase  being  somewhat  more  prolonged  than  usual. 
As  will  be  seen,  the  onset  of  the  sudden  outpouring  of  cerebro- 
spinal fluid  corresponded  with  the  period  pf  lowest  blood  pressure 
and  ceased  at  the  crest  of  the  pressor  wave  a  minute  and  a  half 
later,  following  the  escape  of  60  drops  of  fluid,  after  which  there 
was  an  abrupt  cessation  in  the  flow.  Comcident  with  this  period 
of  supposed  choroidorrhoea  a  sUght  ampUtude  of  the  respiratory 
stroke  is  registered,'*  and  without  further  data  one  might  be  in- 
clined to  attribute  the  response  to  the  physical  expulsion  of 
pro-formed  fluid  brought  about  by  an  increase  of  intracranial 
tension  from  asphyxia  or  some  other  cause.  On  this  basis,  how- 
ever, one  would  not  have  expected  the  fluid  to  be  ^rpelled  dur- 
ing the  depressor,  but  rather  through  the  pressor,  phase,  as  is 
the  case  after  compression  of  the  jugulars,  when  there  is  apt  to 
be  a  temporary  flow  from  the  cannula,  due  undoubtedly  to  me- 
chanical rather  than  secretory  influences. 

It  will  be  seen  from  the  succeeding  two  records,  taken  from 
other  animals  in  which  the  characteristic  initial  depressor  phase 
in  the  haemodynamic  responses  did  not  occur,  that  very  similar 
responses  on  the  part  of  the  cerebro-^inal  fluid  were  never- 
theless elicited. 

In  Record  III,  from  a  canine  experiment  (No.  LI)  the  fluid, 
at  the  time  of  the  injection  of  100  n^m.  of  dried  bovine  extract, 
was  fesuing  from  the  cistern  catheter  at  the  rate  of  8  drops  a 
minute,  and  immediately  upon  the  injection  the  rate  quickened 
to  50  drops  for  the  following  minute,  this  response  beii^  inau- 
gurated bd'ore  the  initial  stage  of  the  haemodynamic  pressor 

1'  Dixon  and  Halliburton  (loe.  cit.)  state  that  an  increase  in  the  rate  or  ampli- 
tude of  respiration  facilitates  the  normal  procesaea  of  escape  of  the  fluid  with 
ccmsequent  decrease  in  the  flow  from  the  cannula.  Here  the  marked  increase  in 
fluid  outflow  is  synchronous  with  the  increase  in  the  respiratory  movements. 
These  suction  effects  of  respiration  do  not  appear  to  us  to  have  influenced  the 
responses  in  any  of  the  experiments,  in  most  of  which  the  normal  pathways  of 
absorption,  via  the  meninges,  were  excluded  by  the  methods  employed,  of  intra- 
ventricular insertion  of  the  catheter  or  cannula. 
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change  set  in.  There  was  a  subsequent  gradual  retardation  of 
the  flow,  with  temporary  complete  cessation  after  seven  minutes. 
The  respirations  were  not  recorded  in  this  experiment  but  here 
^ain,  as  in  Record  II,  the  period  of  increased  flow  coincided 
more  or  less  sharply  with  the  period  of  rising  blood  pressure. 
The  following  record,  however,  shows  that  the  choroidorrhoea 
may  occur  with  a  persisting  level  of  blood  pressure. 

In  Record  IV,  from  a  dog  with  a  calibrated  catheter  in 
tiie  aqueduct,  (Experiment  No.  XXV)  is  shown  an  extreme 
temporary  choroidorrhoea.  The  animal  had  already  received 
one  injection  of  an  extract  which  after  a  slight  response  had  been 
followed  by  a  period  of  cessation  in  the  flow.  On  this  second 
occasion  50  mgm.  of  dried  bovine  posterior  lobe  extract  was  given, 
causing  an  enduring  primary  pressor  response  (from  116  to  158 
nun.  Hg.)  with  an  immediate  outpouring  in  the  course  of  the  next 
4  minutes  of  128  drops  (about  8  cc.)  of  fluid — far  more  than  the 
canine  ventricles  normally  contain.  This  was  followed  in  turn 
by  a  second  prompt  cessation  without  any  apparent  change,  as 
will  be  noted,  either  in  blood  pressure  or  respiration. 

In  order  to  emphasize  still  further  the  lack  of  dependence  of 
these  fluid  responses  upon  hsemodynamic  or  other  obvious 
mechanical  changes  in  intracranial  tension  the  followii^  pro- 
tocol may  be  given  in  full. 

Experiment  LIV.  July  17,  1914.  Adult  female  10.5  kilo  dog. 
9.1S  a.m.  Intratracheal  anaesthesia:  insertion  of  catheter  in  right 
ureter,  exposed  extrapentoneally  by  posterior  incision  in  Sank:  intro- 
duction of  blood  pressure  cannula  in  right  carotid :  exposure  of  posterior 
saphenous  vein  in  left  leg:  ventnculo-callosal  puncture:  attachment 
of  carotid  cannula  to  manometer  and  kymographiou.  Blood  pressure 
136  mm.  Hg.,  practically  uninfluenced  by  respiration,  which  is  pant- 
ing, about  80  to  the  minute  (and  which  continued  so  during  the  experi- 
ment). Cerebro-epinal  fluid  gradually  slowing  from  initial  rate  of 
22  drops  per  minute  to  about  10  per  minute  at  time  of  first  injection. 
Urine  Sowing  at  rate  of  3  drops  per  minute  from  the  single  ureter:  no 
sugar  in  first  specimen. 

10.17  a.m.  First  injection  (cf.  Record  V):  4  cc.  of  a  concentrated 
20  to  1  solution  of  bovine  cerebro-spinal  fluid,  followed  by  a  marked 
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depressor  response  (from  136  to  64  mm.  Hg.)  and  slight  subsequent 
and  prolonged  rise  (to  150  mm.  Hg.)  without  apparent  influence  on 
the  rate  of  cerebro-spinal  6uid  flow.  An  immediate  temporary  check, 
however,  occurred  in  the  outflow  of  urine. 

iO^S  a.m.  Second  injection  {cf.  Record  VI) :  100  mgm.  of  posterior 
lobe  powder  (Armour)  dried  in  vacuo  at  38°.  Prompt  cerebro-spinal 
fluid  response  lasting  3  minutes,  with  increase  in  drops  from  4  per 
minute  to  13  per  minute  (over  2  cc.  in  all),  coincident  with  an  extreme 
depressor  response.  This  was  followed  by  an  abrupt  and  prolonged 
rise  in  blood  pressure  (to  176  and  finally  192)  with  a  cessation  in 
cerebro-spinal  flow,  which  endured  for  about  thirty  minutes,  when  (at 
10.49  a.m.)  there  was.  a  slow  return  of  drops,  at  the  rate  of  one  per 
minute. 

Seven  minutes  after  the  injection  (i.e.  at  10.32  a.m.)  an  abrupt 
polyuria  started  up  and  continued  for  the  following  half  hour,  during 
which  time  there  was  such  a  rapid  flow  that  27  cc.  were  collected  from 
the  single  ureter,  and  probably  double  that  amount  was  secreted  from 
the  two  kidneys.     The  urine  contained  a  high  percentage  of  sugar. 

11. IS  a.m.  After  a  long-enduring  pressor  response  the  carotid 
r^istration  is  again  at  150.  Polyuria  continues.  A  cerebro-spinal 
fluid  drop  every  2  minutes.  Third  injection:  4  cc.  of  "Hypophysin," 
causing  a  slight  vasomotor  response  (150  to  116  to  172  mm.  Hg.)  and 
coincident  cessation  of  cerebro-spinal  fluid  for  the  following  13  minutes, 
f^ter  which  time  (at  11.25)  fluid  again  began  to  appear,  and  continued 
at  the  rate  of  about  3  drops  per  minute  for  the  interval  between  11.30 
a.m.  and  12.40  p.m.,  during  which  time  the  drum  was  stopped  and  a 
new  record   prepared. 

12.S0  p.m.  'Carotid  pressure  at  constant  level  of  148  mm.  Cerebro- 
spinal 'fluid  drops  regular,  3  per  minute.  Fourth  injection:  100  mgm. 
of  dried  posterior  lobe  extract  (laboratory  preparation)  followed  by 
marked  vasomotor  response  with  a  double  depressor  phase  (148  to  120: 
158  to  126  mm.)  and  subsequent  prolonged  rise  (at  162  mm.) :  also  by 
a  temporary  acceleration  of  cerebro-spinal  fluid  outflow  and  subse- 
quent slowing  to  about  one  drop  per  minute;  also  by  a  temporary  ces- 
sation of  urine  for  4  minutes  and  then  a  sharp  polyuria  at  the  rate  of 
9  drops  per  minute. 

1.05  p.m.  Fifth  injection:  5  cc.  of  the  Schering  preparation  followed 
by  a  very  slight  vascular  response  (132  to  120  to  138  mm.)  with  a  slight 
acceleration  of  the  cerebro-spinal  outflow  but  no  effect  on  the  steady 
JRovi  of  urine. 
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1.17  p.m.  Sixth  injedion.  Kepetition  of  100  mgm.  Armour  prep- 
aration dried  in  vacuo,  followed  by  an  immediate  quickening  of  cere- 
bro-epiual  fluid  drops  from  \\aQ  per  minute  and  a  temporary  3  minute 
cessation  of  urine  in  association  with  a  marked  vasomotor  response, 
(with  primary  fall  from  142  mm.  to  114  mm.  and  subsequent  prolonged 
rise,  finally  reaching  196  mm.  Hg.). 

1.S0  p.m.  Seventh  injection.  Repetition  of  the  above  with  a  similar 
good  response  aesociated  with  definite  choroidorrhoea  (7  drops  per 
minute),  followed  by  practical  cessation. 

1.S5  p.m.  Eighth  injection:  3  cc.  of  ether  followed  by  a  eharp  fall 
in  blood  pressure  from  156  to  64  mm.  Hg.,  accompanied  by  the  ap- 
pearance of  a  few  drops  of  cerebro-epinal  fluid. 

1.40  p.m.  NirUk  injection:  5  cc.  of  ether  to  produce  fatality,  followed 
by  a  prompt  fall  of  blood  pressure  to  zero,  and  respiratory  cessation, 
associated  with  an  immediate  choroidorrhoea  (14  drops  in  the  first 
minute)  which  continued  for  twenty-one  minutes  after  death:  4.1  cc. 
of  cerebro-spinal  fluid  secured  in  all.  The  urine,  which  up  to  this  time 
had  been  dropping  rapidly,  ceased  abruptly,  coincident  with  the  fall 
of  the  blood  pressure  to  zero. 

This  protocol  emphasizes  a  number  of  thli^:  the  variability 
of  the  responses  in  the  same  animal  to  different  extracts:  the 
fact  that  it  is  the  substance  injected  which  causes  the  increased 
fluid  outflow  rather  than  the  variations  in  blood  pressure  asso- 
ciated with  possible  changes  in  the  physical  conditions  within 
the  skull  (cf.  Records  V  and  VI):  the  fact  that  even  in  a  pro- 
longed experiment  (in  this  case  nearly  four  hours)  the  secretory 
activity  need  not  be  exhausted  by  repeated  in/ections,  pro- 
vided that  an  extreme  choroidorrhoea  has  not  been  provoked 
at  any  one  time:  and  further  that  even  when  the  responses  to 
pituitary  extracts  have  weakened,  an  injection  of  ether  may 
arouse  an  active  choroidorrhoea.  That  the  pituitary  substances, 
particularly  the  dried  extracts,  were  active  in  other  directions 
than  on  the  cardio-vascular  system  is  shown  by  the  glycosuria 
following  the  first  injection,  as  well  as  by  the  diuretic  responses, 
and  it  may  be  noted  that  the  latter  effect  after  each  potent 
injection  was  usually  preceded  by  a  latent  period  of  two  or  three 
minutes,  whereas  the  choroid  effect  was  immediate  and  often 
briefly  anticipated  the  characteristic  haemodynamic  response. 
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On  a  number  of  occasions  we  have  observed  an  increase  in  the 
cerebro-spinal  fluid  outflow  in  association  with  equally  rartreme 
initial  depressor  responses  on  the  part  of  the  cardio-vascular 
sj^stem,  but  a  comparison  of  the  effects  of  the  consecutive  first 
and  second  injections  (Records  V  and  VI)  of  the  forgoing  experi- 
ment makes  It  seem  improbable  that  pre-formed  fluid  could 
merely  have  been  extruded  under  these  conditions  by  intra- 
cranial venous  stasis  through  asphyxia,  for  were  this  the  case, 
on  the  restoration,  of  free  circulation  one  would  have  expected 
a  recession  of  the  fluid  into  the  cannula.  Such  a  recession,  as 
will  be  pointed  out  later  on,  normally  follows  temporary  increases 
in  the  outflow  which  are  obviously  due  to  mechanical  causes,  as 
for  ^cample  after  compression  of  the  juguluis:  and  for  this  same 
reason  we  are  inclined  to  attribute  to  physical  influences  the  tem- 
porary outflow  which  accompanies  the  marked  rise  in  blood 
pressure  after  injections  of  adrenaline. 

Certain  of  the  smaller  animals,  as  cats  and  rabbits,  at  times 
appear  to  be  extremely  susceptible  to  the  haemodynamic  effects 
of  pituitary  extracts,  and  prolonged  depressor  resptonsee  may 
occur  and  prove  fatal,  or  on  the  other  hand  the  cardio-vascular 
readjustment  may  be  abrupt  (as  in  Record  VI),  with  the  ex- 
change from  the  low  to  a  high  pressor  phase  taking  place  in  a  few 
seconds.  An  illustration  of  a  prolonged  depressor  phase  with 
recovery  is  shown  in  Record  VII,  giving  the  response  in  a  cat 
to  the  injection  of  1.0  cc.  of  Armour's  "Pituitary  Liquid."  In 
this  experiment  the  fluid,  secured  by  ventricular  catheterization, 
was  dropping  before  the  injection  at  the  rate  of  a  drop  every 
two  minutes,  and  during  the  3^  minutes  of  the  extreme  depressor 
phase  (with  a  blood  pressure  almost  at  zero,  the  pulse  pressure 
aimost  nil,  and  nearly  total  respiratory  cessation)  the  flow 
increased  to  a  drop  every  thirty  seconds.  This  response  might 
possibly  be  attributed  to  asphyxiation,  for  the  flow  practically 
ceased  after  the  onset  of  the  pressor  phase  with  its  accompany- 
ing increased  amplitude  of  respiration.  However,  the  same 
response  may  occur  (cf.  Record  VI)  when  the  respiratory  ampU- 
tude  is  increased  during  rather  than  after  a  profound  depressor 
phase. 
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We  are  ftt  a  loss  to  account  for  the  extraordinary  phenomenon 
of  a  prolonged  post-mortem  outflow  of  fluid.  This  was  mentioned 
in  the  protocol  given  above  as  taking  place  after  a  fatality  from 
ether,  and  we  have  seen  a.  number  of  similar  responses  after 
fatalities  provoked  by  the  injection  of  toxic  doses  of  ether  or 
of  pituitary  extracts,  with  a  continued  flow,  which  in  some  cases 
has  endured  for  an  hour  after  death. 

An  example  is  given  in  Record  VIII,  from  a  cat  with  ventri- 
cular catheterization.  Aft^  the  injection  of  20  ii^;m.  of  dried 
extract  there  occurred  an  exaggeration  of  the  usual  vasomotor 
responses — a  sharp  fall,  accompanied  by  respiratory  cessation, 
then  an  equally  sharp  rise  in  pressure,  followed  in  turn  by  a  second 
precipitous  fall  to  zero,  with  fatality.  The  fluid  had  been  drop- 
ping from  the  cathet^  at  the  rate  approximately  of  one  drop  a 
minute.  There  was  a  temporary  cessation  for  2  minutes  after 
the  injection  and  then,  coincident  with  the  final  fall  in  pressure, 
the  fluid  began  to  flow  rapidly  at  the  rate  of  4  drops  a  minute, 
imtil  the  death  of  the  animal  four  minutes  later,  after  which, 
gradually  slowing,  it  continued  to  drop  for  an  hour  after  the 
cessation  of  the  circulation,  3  cc.  being  collected  in  all.  Only 
the  first  12  minutes  of  this  remarkable  response  is  shown  in  the 
reproduced  fragment  of  the  record. 

Ordinarily  aitee  the  death  of  an  animal  the  fluid  promptly 
recedes  in  the  cannula,  so  that  under  these  circumstances  of  a 
prolonged  post-mortem  flow  some  condition  must  serve  either 
to  expel  the  remaining  pr&-formed  fluid  (and  3  cc.  is  an  abnor- 
mally lai^  content  for  the  ventricles  of  a  cat)  or  else  the  fluid 
must  continue  to  be  produced  for  some  time  after  the  cessation 
of  circulation.  The  response  might  possibly  be  attributed  to 
asphyxiation,  for  the  respiration  ceased  (cf.  Record  VIII)  brfore 
the  heart  beat,  or  to  an  increase  in  tension  from  a  post-mortem 
oedema  of  the  brain.  It  is  difficult  to  beUeve  that  the  plexus 
could  continue  to  secrete  after  the  complete  cessation  of  circu- 
lation, no  matter  what  the  ante-mortem  stimulus  might  have 
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T.   IS    THE     APPARENT    RESPONSE    MECHANICAL    OR    SECRETORY? 

Insufficient  attention,  it  seems  to  us,  has  been  paid  to  the 
physical  conditions  which  underlie  the  production  and  expulsion 
of  the  fluid  through  the  experimental  cannulae.  Dixon  and 
Halhburton"  alone  appear  to  have  subjected  their  results  to 
proper  standards  for  differentiation  of  mechanical  and  secretory 


The  difference  in  tension  between  the  capillary  pressure  in 
the  choroid  plexuses  and  that  of  the  surrounding  fluid  may  be 
termed  'the  secretory  pressure.'  In  the  apparent  absence  of  a 
cerebral  vasomotor  mechanism,  or,  at  all  events,  in  the  absence 
of  one  which  acts  in  conjunction  with  the  system  distributed  to 
the  body  as  a  whole,  any  constriction  of  the  splanchnic  or  periph- 
eral field  is  followed  by  a  cerebral  hyperaemia  and,  according 
to  the  generally  ioccepted  view,  by  an  increase  in  the  intracranial 
tension.  But  within  the  closed  cranial  chamber  any  change  in 
vascularity  is  immediately  communicated  to  the  fluid  and  hence 
as  long  as  the  chamber  is  intact  there  need  necessarily  be  no 
alteration  of  the  secretory  pressure,  although  some  of  the  pre- 
formed fluid,  under  these  circumstances,  is  doubtless  forced  out 
through  the  normal  channels  of  outflow.  Hence  on  theoretical 
grounds  it  seems  improbable  that  an  increase  in  vascular  pres-  . 
sures  will  cause  an  increased  production  of  cerebro-spinal  fluid, 
provided  the  closed  system  is  maintained. 

Quite  dissimilar  from  this  normal  state  are  the  intracranial 
conditions  in  any  experiment  in  which  a  hollow  tube  has  been 
introduced  into  some  part  of  the  fluid  pathway  by  any  method 
which  permita  decompression  effects  to  be  felt  with  lowering 
of  the  intracranial  tension.  Here  the  capillary  resistance  of 
the  introduced  cannula  determines  the  resulting  cerebro-spinal 
fluid  pressure.  The  arachnoid  or  intraventricular  tension  mxist 
remain  constant  or  at  least  nev^  exceed  that  of  the  resistance 
established  by  the  cannula.  A  rise,  then,  in  blood  pressure 
with  a  corresponding  increase  in  capillary  tension  will  necessarily 
increase  the  secretory  pressure.     Whether  under  these  conditions 

"  Loc.  Cit.  Jour.  Phydol.  1913,  xlvii,  215. 
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the  choroid  plexus  will  become  more  permeable  to  the  passage  of 
fluid  and  thus  the  amount  of  cerebro-spiual  fluid  be  increased  is  an 
undetermined  question  which  presents  great  technical  difficulties 
of  solution.  It  is  the  generally  accepted  view  that  a  probable 
increase  of  fluid  production  does  occur  under  these  circumstances, 
but  the  arguments  are  not  entirely  conclusive. 

More  important  for  our  present  considerations  is  the  mechanical 
extrusion  of  the  cerebro-spinal  fluid  under  the  influence  of  changes 
in  intracranial  vascularity.  A  cerebral  byperaemia  broxight 
about  by  any  agency  which  increases  blood  pressure  necessarily 
constricts  the  space  properly  filled  by  fluid  which,  under  these 
circumstances,  in  normal  conditions  must  escape  by  its  natural 
outlets  connected  with  the  subarachnoid  spaces,  or  under  the 
ffliperimental  conditions  must  drop  with  increased  frequency 
from  the  end  of  the  cannula  which  leads  from  the  ventricles. 

Venous  pressures  Ukewise  which  are  particularly  under  the 
influence  of  respiratory  conditions  unquestionably  may  exert 
considerable  efi'ect  upon  the  secretory  pressure  through  alter- 
ations in  the  capillary  tension,  for  as  Starlii^  has  demonstrated, 
capillary  pressure  follows  more  closely  upon  alterations  in  vki- 
ous  pressure  than  upon  far  greater  chaises  in  the  arterial  tonus. 
Hence,  under  the  conditions  of  our  experiments  a  marked  fall 
in  arterial  pressure  may  be  accompanied  by  an  equivalent  rise 
in  venous  tension  so  that  the  secretory  pressure  may  remain 
unchanged  or  even  be  increased.  Venous  congestion  therefore 
may  also  serve  to  decrease  the  potential  fluid  space,  with  resultant 
extrusion  of  fluid  until  balance  be  again  restored.  In  view  there- 
fore of  the  possible  influence  of  these  physical  factors  on  the  dis- 
charge of  cerebro-spinal  fluid,  it  is  hazardous  to  assume  that 
certain  a{;ents  stimulate  the  secretion  of  the  choroid  plexuses, 
merely  because  of  an  observed  increase  in  flow  from  a  cannula. 

Were  it  possible  to  measure  the  cerebral  capillary  pressure 
many  of  these  difflculties  of  distinguishing  the  agents  which  act 
mechanically  from  those  which  truly  excite  secretion  might  be 
solved.  A  convenient  though  less  exact  method  of  differentiation 
between  the  two  processes  is  afforded  by  the  employment  of 
catheters  or  of  cannulae  which  are  sufficiently  transparent  to 
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allow  the  pulsating  level  of  the  fluid  to  be  observed  through 
their  walls.  In  the  course  of  an  experimeat,  with  the  fluid 
dropping  regularly  from  such  a  catheter,  if  a  purely  mechanical 
and  temporary  means  of  increasing  the  cerebral  arterial  or  venous 
vascularity  be  employed,  there  will  occur  a  detinite  and  marked 
acceleration  in  the  rate  of  flow,  and  very  quickly  the  production 
of  fluid  will  become  constant,  dependent  on  the  new  secretory 
balance.  Then  with  the  subsequent  lowering  of  the  congestion  on 
the  arteiial  or  venous  side  as  the  case  may  be,  the  fluid  will  be 
ol»erved  to  recede  into  the  cannula,  to  compensate  for  the 
decreasing  vascularity.  On  the  other  hand,  if  fluid  is  actually 
beii^  secreted  no  such  recession  is  observed,  and  though  the 
rate  may  be  slowed  fluid  continues  to  appear  in  spite  of  the 
relatively  devasciUarized  brain.  This  simple  expedient,  which 
Dixon  and  Halliburton  have  commented  upon,  of  observing  the 
recession  of  fluid  into  the  cumula  is  oftentimes  an  aid  in  dis- 
tinguishing the  mechanical  from  the  truly  excitatory  efi'ects. 

Another  convenient  check  lies  in  the  important  fact  that  in 
most  of  these  expraiments  the  recorded  drops  of  fluid  issue  from 
a  catheter  ih  the  ventricle  rather  than  from  one  inserted  in  a 
subarachnoid  cistern,  for  as  we  have  E^own  in  an  earlier  paper, 
the  arachnoidal  villi  constitute  the  normal  channels  of  escape 
and  the  outflow  of  fluid  from  the  subarachnoid  spaces  is  there- 
fore likely  to  be  more  subject  to  fluctuations  than  the  outflow 
from  the  ventricles.  It  is  quite  possible,  for  example,  that  the 
proloi^ed  post-mortem  flow  from  the  ventricles  which  we  have 
so  often  observed  may  be  less  likely  to  occur  from  a  cannula 
in  the  subarachnoid  spaces;  for  ordinarily,  with  cessation  of  the 
eircxdation  and  resultant  cerebral  anaemia,  the  fluid  immediately 
recedes  into  the  catheter,  beii^  drawn  upon  doubtless  to  fill  the 
perivascular  spaces  of  the  more  or  less  devascularized  brain. 
The  dilatation  of  these  spaces  in  the  brains  of  animals  in  which 
arterial  ligations  have  produced  cerebral  anaemia  is  a  phenomenon 
which  Mott  was  the  first  to  point  out.  If  these  post-mortem 
responses  are  truly  excitatory  rather  than  mechanical  the  in- 
creased secretion  apparently  suihcee  to  overcome  the  call  for 
fluid  on  the  part  of  the  anaemic  brain  and  to  maintain  the  long- 
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continued  flow  of  fluid,  which  in  many  cases  has  certainly  been 
more  than  the  normal  ventricles  could  possibly  have  held. 

Another  factor  which  suggests  that  the  posterior  lobe  prep- 
arations serve  to  excite  secretion  is  the  apparent  fat^uabihty 
of  the  response  on  repeated  injections,  even  though  practically 
the  same  vasomotor  conditions  prevail.  With  time  given  for 
the  reaccumulation  of  fluid  one  would  expect  a  repetition  of  t^e 
cerebro-spinal  fluid  response  inviuiably  to  accompai^  a  repeti- 
tion of  the  haemodynamic  and  respiratory  reaction  were  the 
effect  purely  mechanical.  We  have  shown  that  an  extreme 
ai^^nentation  in  the  ,rate  of  fluid  outflow  is  usually  followed  by 
an  abrupt  and  persisting  cessation  of  the  flow'"  (e.g.  Records  II 
and  IV) :  in  other  instaacee  that  a  cessation  of  the  flow  occurs 
but  is  more  gradual  in  onset  (e.g.  Record  III) :  in  still  others  tiie 
flow  though  slowed  may  continue  after  its  temporary  augmen- 
tation (e.g.  Record  I).  In  some  animals  after  a  prolonged  cessa- 
tion the  flow  may  be  incited  by  a  second  and  even  by  several 
subsequent  injections  (e.g.  Protocol  of  Experiment  LIV),  but 
after  one  outspokcai  reaction  a  subsequent  response  to  pituitary 
preparations  is  apt  to  be  much  less  striking  even  thoQgh  an  abund- 
ant flow  may  be  obtained  by  the  injection  of  other  substances, 
ether  seeming  to  be  especially  potent  in  this  respect.  It  would 
appear  that  the  fatigue  threshold  of  the  choroid  plexuses  is  much 
tower  to  pituitary  extracts  than  is  that  of  the  vasomotor  system 
for  the  same  substances.  It  is  possible  too  that  the  choroid 
cells  may  in  some  cases  respond  to  smaller  doses  than  those 
required  for  the  typical  vasomotor  reaction,  for  in  a  few  instances 
in  which  the  amount  of  the  extract  has  failed  to  provoke  any 
apparent  change  in  the  blood  pressure  a  brief  but  definite  increase 
in  the  rate  of  the  outflow  of  cerebro-spinal  fluid  has  occurred. 


*"  It  may  again  be  emphasized  !□  this  connection  that  in  the  case  of  a  pemut' 
neot  cessation  ot  the  flow  after  an  outspoken  primary  response  subsequent  injec- 
tiODB  of  an  active  preparation,  which  calls  out  anew  a  pronounced  blood  pressure 
response,  may  serve  to  express  a  few  drops  of  fluid  from  the  cannula  followed  by 
an  immediate  recession  of  the  fluid.  This  we  regard  as  puiely  a  mechanical 
effect. 
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VI.   RBCAPITUIATION  AND   CONCLUSION 

Extracts  of  the  posterior  lobe  of  the  hypophysis  introduced 
intravenously**  serve  to  discharge  cerebro-spinal  fluid  from  a 
cahbrated  catheter  introduced  in  its  pathway  (ventricle  or  sub- 
arachnoid cistern).  Positive  responses  occur  to  the  injection 
of  nearly  all  the  fluid  proprietary  preparations,  thou^  in  our 
hands  the  desiccated  extracts  have  proved  to  be  the  more  active. 
The  possible  increment  to  the  fluid  through  increased  permeability 
of  the  cerebral  capillaries  and  drainage  out  aloi^  the  perivascular 
lymphatics  is  excluded  in  most  of  these  experiments  by  the 
method  of  tapping  the  fluid  pathway  in  the  third  ventricle  rather 
than  in  the  ctstema  magna.  The  response  is  seen  to  occur  under 
most  variable  conditions  and  appeara  to  be  independent  of 
respiratory  influences  or  haemodynamic  reactions,  for  it  may 
coincide  with  periods  of  respiratory  cessation  or  acceleration 
or  with  periods  of  arterial  hypertension  or  depression.  A  pro- 
longed flow  from  the  ventricle  may  continue  even  after  death 
and  may  reach  an  amoimt  apparently  in  excess  of  the  normal 
content  of  the  ventricles.  That  there  is  an  actual  increase  in 
the  amoimt  of  fluid  secretion  is  shown  by  its  non-recession  into 
the  cannula  following  periods  of  increased  cerebral  vascularity 
as  well  as  by  the  measurement  of  the  amounts  discharged.  The 
evidence  incKnes  us  to  believe  that  the  outflow  under  the  cir- 
cumstances of  our  experiments  represents  an  actual  secretory 
response  rather  than  an  expulsion  of  pre-formed  fluid  due  to  physi- 
cal conditions  resulting  in  changes  in  the  volume  of  the  brain. 

Hence  the  conclusion  may  be  justified  that; 

Extracts  of  the  posterior  lobe  of  the  hypophysis  increase  the 
rate  of  production  of  cerebro-spinal  fluid  (choroidorrhoea)  by 
stimulating  the  secretory  activity  of  the  choroid  plexuses. 

*■  In  a  few  experiments  we  have  attempted,  without  euccesa,  to  excite  choroid 
secretion  by  stimulating  the  superior  cervical  ganglion,  in  the  expectation  of 
discharging  the  hypophysial  secretion  in  this  way  (cf.  Weed,  Gushing  and  Jacob- 
son  :  The  Autonomic  Cootrol  of  the  Pituitary  Body.  Bull.  Johns  Hopkins  Hosp., 
1913,  sxiv,  40-62)  and  also  by  injecting  extracts  into  the  ventricle  itself  on  the 
view  that  the  presence  of  posterior  lobe  secretion  in  the  fluid  itself  as  well  as  in 
the  circulation  may  excite  secretion  (cf.  Gushing  and  Goetsch:  The  Secretion  of 
the  Posterior  Lobe  of  the  Pituitary  Body  and  its  Presence  in  the  Cerebro-apinal 
Fluid.    Araer.  Jour.  Physiol.,  1910,  xxvii,  60-86.) 
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The  present  work  is  a  continuation  of  the  studies  of  the  blood 
pressure  and  its  variations  in  the  unanesthetized  animal  under 
difTerent  normal  and  pathological  conditions.  The  methods 
adopted  for  taking  the  blood  pressure  are  those  previously 
described.' 

The  object  of  the  present  research  was  to  study  the  blood 
pressure  preceding,  during,  and  following  the  act  of  vomiting; 
and  to  ascertain  as  far  as  possible  the  mechanism  of  the  changes 
in  the  blood  pressiu^  or  the  regulation  and  control  of  the  blood 
pressure  at  such  a  time. 

Before  this  work  was  begun,  we  assumed  that  during  vomiting 
the  blood  pressure  was  greatly  heightened.  This  assumption 
appears  to  be  generally  prevalent.  Text-books  as  a  rule  do  not 
mention  blood  pressure  changes  during  vomiting.  In  those  t^:t- 
books  in  which  it  is  mentioned,  there  is  no  statement  of  facts  or  . 
experimental  work  done;  but  merely  indirect  statements  inferring 
that  the  blood  pressure  is  greatly  augmented  during  vomiting. 

Clinical  literature  contains  a  good  many  indirect  references 
to  this  subject  and  physicians  are  warned  not  to  give  emetics 
to  patients  whose  arteries  are  atheromatous  lest  there  be  a 
ruptiu^  of  the  blood  vessels. 

The  first  tracing  taken  by  us  was  during  a  study  on  the  un- 
anesthetized dog  under  the  action  of  digitalis  (with  Dr.  H.  G. 

A  prelimiD&ry  report  of  this  work  was  made  before  the  American  PhyBiologi- 
cal  Society  at  Cleveland,  December,  1912. 
1  Brooka,  C,  Heart,  1910,  vol.  2,  p.  6. 


dbyGoogIc 


BLOOD   PRESSURE   DURING   VOMITINQ  105 

Schleiter).  It  showed  that  the  blood  pressure,  instead  of  rising 
durit^  vomiting  fell  rather  sharply  to  a  low  point  and  after  the 
act  of  vomiting,  rose  rapidly  to  the  normal  or  slightly  above  the 
normal.  This  was  followed  by  a  series  of  experiments  carried 
on  in  the  Hull  Laboratory  of  Physiolc^y,  University  of  Chict^o 
and  later  other  experiments  at  the  Laboratories  of  Physiology 
and  Pharmacoli^Q'  at  the  University  of  Pittsburgh. 

Six  months  after  our  paper  had  been  presented  at  Cleveland* 
while  attending  the  Minneapolis  meeting  of  the  American  Med- 
ical Association,  June,  1913,  rumors  were  heard  of  older  literature 
on  the  subject  of  the  blood  pressure  during  vomiting.  Dr.  Can- 
non referred  us  to  Dr.  Gatch,  who  he  said,  had  found  an  impor- 
tant reference  to  this  subject.  Dr.  Gatch  himself  stated  that 
his  idea  was  obtained  from  a  reference  in  Hall's  Text  Book  of 
Physiology.  Dr.  Hall  writes,  in  part:  "Traube  was  the  first  to 
show  that  at  the  commencement  of  vomiting  typical  vagus  pul- 
sations occur,  resulting  in  a  lowering  of  the  general  arterial  pres- 
sure. At  the  termination  of  the  attack  the  pulse  becomes  accel- 
erated and  the  arterial  pressure  rises  even  above  the  normal."' 

About  this  time  (June,  1913)  an  article  by  Hesse*  directed  our 
attention  to  a  remarkable  volimie  by  Guinard^  on  the  subject  of 
morphine  and  apomorphine  in  which  we  fotmd  descriptions  of 
experiments  and  tracings  the  results  of  which  are  in  complete 
accord  with  those  reported  in  our  preliminary  report. 

*  An  abstract  of  the  paper  prepared  for  publication  in  the  Proceedings  of  the 
American  PhyBiologicBl  Society  of  that  year  (1912)  was  refused  publication 
beeauae  of  its  length.  A  shorter  abstract  reached  the  editor  of  the  American 
Journal  of  Physiology  too  lat«  for  publication. 

>  A  Text  Book  of  Physiology,  IfVinfield  8.  Hall,  Lea  Brothers  A  Co.,  1906, 
pp.  411-412.  The  reference  to  Traube's  work  ^ven  at  the  end  of  the  chapter  is 
most  inaccurate  (Pflflg.  Arch.,  vol.  iv,  p.  131).  Traube's  name  does  not  appear 
as  one  of  the  contributors  of  the  first  124  volumes  (1008)  of  PflQger's  Archiv.  W« 
have  not,  after  days  of  search  assisted  by  a  most  able  librarian,  been  able  to  find 
any  article  by  Traube  on  the  subject  of  vomiting,  whether  in  PfiQger's  Archiv  or 
in  any  other  scientific  journal. 

*  O.  Heese:  Zur  Kenntnia  dea  Bre«haktefl.  Arch.  f.  gesam.  Physiol.,  vol.  152, 
June,  1D13,  pp.  1-22.    Heaae  reprinta  one  of  Guinard'a  tracint(s. 

'  Louis  Guinard;  £tude  Experimentale  de  Pharmacodynomie  compart  sur  la 
Morphine  et  I'Apomorphine.  (These)  Faculty  de  M^decin  et  de  Pharmacie  de 
Lyon,  Tome  10,  1897-1808. 
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The  tracings  in  this  article  are  as  nearly  identical  with  some 
of  our  own  as  blood  pressure  tracings  could  well  be.  To  Giiinard, 
therefore,  belongs  the  credit  for  priority  in  this  field.  We  are 
sorry  that  we  failed  to  discover  his  work  sooner;  but  since  his 
research  was  a  thesis  not  published  in  any  accessible  journal  it 
escaped  notice.  In  this  paper  we  wish  to  call  attention  to  this 
work  confirmed  by  us,  and  to  extend  the  work  by  adding  experi- 
ments which  throw  some  light  on  the  mechanism  which  is  respon- 
sible for  the  results  obtained  by  him  and  ourselves. 

Though  E.  Hamack*  many  years  before  Guinard  purported  to 
make  a  study  of  blood  pressure  and  pulse  rate  during  vomiting 
induced  by  apomorphine  an  examination  of  his  protocol-tables 
shows  that  at  the  exact  moment  of  emesis  and  for  some  minutes 
afterward  (7-20  min.)  he  took  no  record  of  the  blood  pressure 
or  the  pulse  rate.  As  a  result  he  failed  to  discover  the  remaric- 
able  phenomenon  first  described  by  Guinard  and  confirmed  by 
our  work.  His  experiments  deal  with  blood  pressure  phenomena 
preceding  and  followii^  the  injection  of  apomorphine  but  he  has 
no  data  on  the  blood  pressure  and  pulse  rate  at  the  moment  of 
expulsion  of  the  vomitus. 

EXPERIHBNTAL  METHODS 

The  methods  employed  in  these  experiments  are  those  pre- 
viously devised  for  study  of  blood  pressure  on  the  quiescent 
unanesthetized  animal. 

The  T-cannula  was  inserted  into  the  carotid  under  ether  anaes- 
thesia and  several  hours  later  or  the  following  day,  when  the 
animal  had  recovered  from  the  effects  of  the  anaesthetic,  the 
studies  on  the  blood  pressure  during  vomiting  were  made.  Sev- 
eral additions  have  been  made  in  the  technique  used  lately. 
These  briefly  described  are  as  follows: 

First  is  the  tambour  piston  separation  cannula.  This  instru- 
ment is  a  modification  of  the  old  T-glass  cannula.  It  consists 
of  a  metal  cannula  whose  side  arm  is  relatively  of  large  calibre 

*E.  Hanisck:  Arch.  f.  exp.  P&th.  undPharm.,  vol.  12, 1874,  p.  254.  See  tables 
on  pp.  261,  262,  and  263. 


dbyGoogIc 


BLOOD   PRESSURE  DURING   VOHITING  107 

and  contains  a  piston  consisting  of  a  hollow  hard  rubber  cylinder 
with  a  thin  rubber  diaphram  over  one  end.  This  rubber  dia- 
phram  can  give  way  and  thus  permit  the  cotiunn  of  liquid  to 
tnuismit  the  impulses  from  the  heart  to  the  merciuy  manometer 
with  slight  damping  of  the  curve.  For  the  larger  changes  in 
the  blood  pressure  the  piston  itself  can  slide  up  or  down  following 
the  pull  of  the  rubber  diaphram.  The  advantage  of  the  dia- 
phram separation  cannula  is,  that  it  separates  practically  com- 
pletely the  blood  from  the  fluid  in  the  manometer  tube  and 
therefore  prevents  the  entrance  of  toxic  substances  into  the  cir- 
culation which  constitutes  a  difficulty  in  work  done  upon  the 
quiescent  animal.  The  second  is  an  oil  separation  cannula.  The 
object  of  the  instrument  is  the  same  as  that  of  the  rubber  dia- 
phram separation  cannula;  but  here  the  separation  is  accom- 
plished by  means  of  an  inverted  U-tube  filled  with  oil  which  floats 
upon  the  blood  column  in  one  arm,  and  the  fluid  which  is  used 
to  connect  with  the  mercury  manometer  of  the  other  arm.  This 
accomplishes  the  separation  without  the  interposition  of  any 
diaphram  and  is  therefore  without  }>he  slight  damping  effect 
observed  in  the  diaphram  cannula. 

A  third  addition  to  the  technique  is  the  injection  of  a  sufficient 
amount  of  leech  extract  into  the  cannula  at  intervals  to  prevent 
clotting.  The  leech  extract  is  prepared  by  the  method  of  Abel, 
Rowntree  and  Turner,'  or  by  grinding  up  the  heads  of  leeches  in 
a  mortar,  extracting  for  24  hours  in  water,  precipitating  the 
proteins  by  heat  and  dilute  acetic  acid  and  filtering  and  neutral- 
izii^  with  sodium  bicarbonate. 

The  experiments  were  performed  upon  dogs.  Vomiting  was 
induced  by  digitalis,  apomorphine  subcutaneously,  and  by  zinc 
sulphate,  magnesium  sulphate  by  the  mouth.  Different  types 
of  animals  were  employed  for  different  experiments;  for  example, 
small  wiry  muscular  fox  terriers  were  employed  for  studying  the 
effects  of  the  muscular  contractions  of  the  abdomen  and  other 
skeletal  muscles  concerned  in  vomiting,  and  on  the  other  hand 

'  Abel,  Rowntree  and  Turner:  On  the  Removal  of  DiSiuible  SubetanceB  from 
the  Circulating  Blood  of  Living  Animals  by  Dialyvis.  J.  Fhann.  and  Exp.  Therap., 
vol.  v.,  no.  3,^  Jan.,  1914,  pp.  276-316. 
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young  adults  or  half-^rown  pups  with  large  abdmnens  veie  used 
to.  study  those  pheDomena  of  vomiting  that  are  brought  about 
by  the  gastric  contraction.  Observations  on  the  respiratory 
movements  were  made  by  inspection  and  in  scmie  instances  by 
tracing  the  movements  by  means  of  a  tambour. 

EXPERIMENTAL  RESULTS 

Our  results  indicate  that  there  are  different  types  of  vomiting, 
the  variations  depend  principally  upon  the  character  of  the  dra^ 
employed,  or  upon  the  consistency  of  the  gastric  contents  or  the 
degree  of  participation  of  the  skeletal  musculature  or  of  the  dia- 
phragm or  the  gastrointestinal  musculature  respectively. 

In  general  there  are  two  types  of  vomiting. 

First  there  is  the  rapid  projectile  type,  characterized  by  sud- 
denness of  onset,  with  slight  premonitory  symptoms,  and  witili 
apparently  a  preponderance  of  the  gastro-intestinal  tract  activity 
over  the  activity  of  the  skeletal  muscular  ^stem. 

Second  there  is  the  slow  labored  type  of  vomiting  characterised 
by  rather  marked  prolonged  premonitory  symptoms  and  with 
apparently  more  of  the  skeletal  muscles  taking  part  in  the  process 
which  consists  of  prolonged  violent  retching  movements,  mean- 
while there  are  great  oscillations  of  the  blood  pressure,  and  which 
ends  with  vomiting  followed  by  exspiration  and  a  noise  just 
after  the  vomitus  is  expelled.    Or  to  sununarize: 

First  type.  Rapid  projectile.  Preliminary  nausea  with  slight 
rise  in  blood  prc^isure  and  with  a  decrease  in  amplitude  of  pulse 
wave,  and  with  an  increase  in  pulse  rate.  Vomiting  is  accom- 
panied by  a  sharp  fall  in  the  blood  pressure,  during  which  there 
is  slowing  or  almost  cessation  of  the  heart  beat,  or  arrhythmia. 
Respiration  is  almost  completely  suspended  so  far  as  ventilation 
of  the  lungs  is  concerned  for  the  epiglottis  is  closed  The  vomitus 
is  expelled  near  the  low  point  of  the  blood  pressure  curve  (fig.  1) 
and  immediately  after  there  is  a  return  of  respiration  and  a 
recovery  of  the  blood  pressure  which  rapidly  moimts  to  the 
normal  or  even  above  the  normal.* 

■  Dr.  A.  J.  Carlson  observed  a  drop  in  blood  pressure  and  slowing  of  heart  in 
an  unanesthetiied  dog  when  vomiting  was  induced  by  the  inhalation  of  oione. 
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Fig.  1.  Blood-pressure  tracing  Bhoving  (all  in  blood-pressure  during  vomiting. 
The  vomiting  is  of  the  quick  projectile  type.  "V"  shows  the  point  whera 
the  vomitiu)  wM  thrown  out.    Time  is  recorded  in  seconds. 


Fig.  2.  Type  of  tracing  obtained  during  quick  projectile  vomiting  where  atro- 
pine had  been  previously  administered.  Vomitus  was  expelled  at  9,  10, 
and  n. 
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Second  type.  Slow  labored  type.  Preliminary  nausea,  de^ 
breathing,  salivation.  Then  comes  on  violent  retching  with 
great  oscillations  of  blood  pressure.  At  this  time  the  pulse  beats 
are  irregular  and  slow.  Respiration  is  suspended  so  far  as  the 
ventilation  of  the  lungs  is  concerned  but  there  are  violent  changes 
in  the. intrathoracic  pressure  which  correspond  with  the  retch- 
ing movements.  After  a  long  series  of  retching  movements,  the 
vomitus  comes  up  into  the  pharynx  at  the  instant  the  top  of  one 
of  the  violent  blood  pressure  oscillations  is  reached  (fig.  3). 
The  ammal  then  takes  breath  and  the  blood  pressure  after  sud- 
denly falling  again  during  the  inspiration  mounts  to  the  normal 
or  above  t^e  normal. 

Vomiting  {tfter  the  administration  of  atrojnne 

It  was  thought  that  since  the  vagus  center  and  the  central 
nervous  arefis  that  are  concerned  in  vomiting,  are  adjacently 
located  in  the'dentral  nervous  system,  that  it  was  very  probable 
that  the  fall  in  blood  pressure  and  the  slowii^  and  the  irr^ulan- 
ties  in  the  pulse  rate  during  vomiting  are  brought  about  through 
the  vagus  mechanism.  Evidence  in  favor  of  this  view  was  ob- 
tained by  first  making  the  observation  of  vomitit^  on  the  nor- 
mal d(^,  and  then  later  on  the  same  dog,  making  a  second  obser- 
vation of  vomiting  after  the  administration  of  atropine.  It  was 
found  that  after  the  admimBtration  of  sufficient  atropine  to 
paralyze  the  vagus  endings  of  the  heart,  that  the  vomiting  failed 
\o  produce  the  mariced  faU  in  blood  pressure,  the  amount  of  slow- 
ing of  the  heart,  nor  the  degree  of  arrhythmia,  as  had  been 
observed  in  the  same  animal  previous  to  the  administration  of 
the  atropine  (fig.  2). 

Vomiting  after  the  administration  of  curare 

It  was  thought  that  the  great  oscillations  of  blood  pressure 
noticed  during  the  violent  retching  movements  seen  in  the  second 
type  of  vomiting  were  due  chiefly  to  the  action  of  the  skeletal 
muscles  in  the  violent  contractions,  as  well  as  their  e£Fects  by 
pressure  on  the  abdomen  and  vacuum  formation  in  the  thorax. 
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Fig.  3.  Blood-pressure  tracing  during  vomiting  of  the  alow  labored  tyiw. 
Here  violent  retchings  continue  for  a  long  time.  The  tracing  begins  several  , 
seconds  after  the  onset  of  retching.  At  the  points  marked  "V"  vomitus  was 
expelled  and  some  breath  taken.  At  the  left  end  of  the  chart  the  second 
round  of  the  blood-pressure  tracing  is  lapped  for  a  few  inches  in  order  to  show 
the  hei^t  of  the  pressure  as  compared  with  that  of  the  first  round  which  was 
taken  during  the  retching  period. 


Fig.  4.  Blood-pressure  tracing  showing  a  reduction  of  retching  movements 
in  the  slow  labored  type  of  vomiting.  This  reduction  was  caused  by  a  small 
dose  of  curare.  On  the  left  end  of  the  chart  the  second  round  of  the  tracing 
continued  for  a  short  distance  lapped  over  the  first  round  in  order  to  show 
the  comparative  height  of  pressure  during  the  fetching  period  and  shortly 
after  vomiting.     1,  2,  retching.    V,  vomiting. 
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Therefore  it  waa  further  thought  that  if  this  be  true,  then  after 
more  or  less  complete  paralysis  of  these  sk^etal  muscles  by  means 
of  curare,  vomiting  should  show  a  corresponding  decrease  iq 
these  osci  lations  of  the  blood  pressure. 

It  was  found  that  after  the  subcutaneous  adnunistratibn  of 
curare  in  sufficient  quantities  to  ha;ve  a  marked  depressit^  effect 
upon  the  animal,  but  not  sufficient  to  cause  complete  immobitity 
then  vomiting  failed  to  produce  the  violent  retchli^,  axLd  like- 
wise failed  to  produce  the  great  oscillations  of  the  blood  pressure 
(fig.  4).    The  conception  of  the  mechanism  involved  is  as  follows: 

1.  V^us  inhibition  of  the  heart  is  an  important  factor  in 
the  production  of  the  lowering  of  the  blood  pressure,  inhibition 
of  the  bea  t,  and  arrhythmia  noticed  during  vomiting.     In  an 

'  animal  in  which  the  cardio-inhibitory  nerve  endings  have  been 
paralysed  with  atropine  these  blood  pressure  change  just  men- 
tioned are  reduced. 

2.  Muscular  contraction  per  se  causes  an  increase  in  the  blood 
pressure.  The  violent  contractions  of  the  skeletal  muscles  seen 
during  retching  always  cause  an  increase  in  ^e  blood  pressure, 
and  there  is  a  fall  in  the  blood  pressure  during  the  periods  of 
relaxation  which  intervene.  This  rise  in  the  general  blood  pres- 
sure observed  during  retching  can  be  diminished  by  partly  curai;- 
izing  the  animal. 


Vomiting  is  accompanied  by  marked  changes  in  the  circula- 
tory system  and  interference  with  respiration.  There  is  seen 
sometimes  a  period  of  elevated  pressure,  more  frequently  a  sud- 
den and  enormous  drop  in  blood  pressure  with  cardiac  inhibition 
at  the  moment  of  emesis,  always  periods  of  great  oscillations  in 
the  blood  pressure.  These  great  and  sudden  oscillations  of  the 
blood  pressure  may  cause  a  rupture  of  Ithe  blood  vessels  which 
would  not  occur  with  the  same  pressure  but  with  slower  changes. 
The  faint  feelir^  accompanying  emesis  may  be  the  result  of  the 
cerebral  anemia  occasioned  by  the  cardio-inbibition  and  resulting 
drop  in  blood  pressure. 
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The  function  of  the  thyroid  gland  is  probably  dependent  upon 
the  production  of  certain  substances  constituting  an  internal 
secretion  which  reaches  the  tissues  through  the  mediiun  of  the 
blood  and  lymph.  It  is  reasonably  certain  that  the  active  por- 
tions of  this  secretion  can  be  obttuned  from  the  gland  by  various 
methods  of  extraction.  The  effects  upon  the  blood  pressure  of 
extracts  from  the  various  glands  of  internal  secretion  have  been 
tested  in  numerous  laboratories  during  the  last  twenty  years. 

The  first  kymograph  experim^its  to  determine  the  effect  of 
intravenous  injections  of  aqueous  extracts  of  the  thyroid  were 
made  by  Oliver  and  Schaf  er  (1)  who  obt^ned  a  marked  fall  in  blood 
pressure.  Th^  found  that  extracts  of  the  fresh  glands  were 
somewhat  more  active  than  those  made  from  old  or  dried  ma- 
terial. A  glycerin  extract  was  no  more  effective  than  the  aque- 
ous preparation.  Boiling  the  extract  did  not  alter  its  depressant 
effect  which  appueatly  resulted  from  its  action  upon  the  heart. 
Oliver  and  Scbafer  found  also  a  similar  blood  pressure  depress- 
ing effect  to  follow  the  intravenous  injection  of  extracts  made 
from  many  other  organs. 

Haskovec  (2)  experimented  with  extracts  of  the  thyroid  s'mi- 
lariy  prepared  and  in  the  main  confinned  the  previous  findings. 
He,  however,  obtfuned  a  slightly  increased  frequency  of  the  pulse 
rate  which  seemed  to  be  due  to  centra)  stimulation  of  the  cardio 
accelerator  nerve.    He  attributed  the  fall  in  blood  pressure  to  a 

■  The  eitpenses  of  this  investigation  were  defrayed  by  the  Johnston  Livingaton 
fund  for  Experimental  Therapeutica. 
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direct  action  upon  the  heart  muscle.  He  experimented  also 
with  alcoholic  eictracts  of  the  thyroid  gland  and  foimd  that 
intravenous  injection  of  these  attracts  produced  no  change  of 
blood  pressure. 

Georgiewsky  (3)  experimented  with  thyroid  extracts  prepared 
in  a  smilar  manner  and  found  essentially  the  same  results  but 
Guinard  and  Martin  obtained  a  retardation  instead  of  accelera- 
tion of  the  pulse  rate. 

Fennyvessy  (4)  foimd  the  fall  in  pressure  to  occur  after  section 
of  the  vagus  and  after  the  administration  of  atropin  and  con- 
sidered it  due  to  a  periphotil  effect  of  the  extract. 

Svehla  (5)  could  obtain  no  effect  from  the  injection  of  extracts 
of  embryonic  thyroids  and  only  slight  ^ect  from  those  derived 
from  the  glands  of  new  bom  animals. 

Several  other  investigators  contributed  confirmations  of  the 
results  of  these  last  two  investigators. 

Heirratz  (6)  and  livon  (7)  claimed  from  their  experiments 
with  aqueous  extracts  of  the  thyroid  an  elevation  of  blood 
pressure. 

More  recently  AshCT  and  Flack  (S)  injected  intravenously 
measured  quantities  of  alkaline  aqueous  extracts  of  fresh  and 
dried  thyroids  and  could  detect  little  or  no  effect  upon  the  blood 
pressure. 

In  contradiction  to  these  results  Popielski  in  1911  (9)  isolated 
from  various  organs,  including  the  thyroid,  a  substance  which  he 
called  vasodilatin  which  substance  he  claims  is  in  no  way  iden- 
tical with  choline  or  ^imidazolylethylamine  and  is  the  activ€ 
principle  of  or^an  extracts.  This  substance  was  obtained  by 
digesting  the  proteins  of  the  glands  with  pepsin^  and  trypsin. 
Details  of  the  method  are  not  given.  Popielski  claims  that  his 
vasodilatin  diminishes  blood  pressure,  produces  incoagulability 
of  the  blood  and  favors  the  secretory  activity  of  the  glands. 
This  diminished  blood  pressure  is  not  brought  about  by  change 
in  heart  action  but  by  direct  dilatation  of  the  blood  vessels. 

Lampe,  liesegang  and  Elose  (10)  experimented  with  alkaline 
extracts  of  human  thyroid,  both  normal  and  goitrous,  and 
obtained  only  a  slight  fall  in  blood  pressure  without  acceleration 
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of  the  pulse.  But  extracts  of  the  fresh  thyroids  obtained  from 
operated  cases  of  Graves  disease  injected  into  nervous  fox  ter- 
riers produced  a  fall  in  blood  pressure  of  20  to  40  nun.  of  mer- 
cury, accelerated  the  heart  action  and  raised  the  temperature. 
A  repetition  of  their  experiments  by  O.  Bardenhewer  (11),  how- 
evet,  failed  to  confirm  these  findings. 

It  is  interesting  to  note,  however,  in  conjimction  with  the 
seemingly  constant  presence  of  a  vasodilator  substance  in  nonpat 
thyroids  and  the  probable  excess  of  thyroid  secretion  in  condi- 
tions of  hyperthyroidism,  some  recent  ^cperiments  of  Black 
and  Sanford  (12).  They  obtained  serum  from  patients  suffering 
from  more  or  less  pronoimced  Graves  disease,  and  found  after  it? 
intravenous  injection  into  dogs  a  drop  in  blood  pressure  which 
corresponded  in  some  d^?«e  to  the  severity  of  the  process  in  th© 
patient  from  whom  the  serum  was  obtained.  Ctintrol  experi- 
ments with  serum  from  nervous  subjects  without  evidence  of 
hypoiJiyToidism  were  negative.  Extracts  made  from  diseased 
thyroids  not  of  the  exophthalmic  goitre  type  removed  by  opera>- 
tion  produced  some  fall  in  blood  pressure  but  it  was  not  as 
mariced  as  the  fall  obtained  from  extracts  of  the  gluids  of  pro- 
Dounced  Graves  disease.  They  state  that  a  repetition  of  the  inr 
jections  in  the  same  animal  seemed  to  establish  a  tolerance. 
The  second  and  third  injections  durii^  the  usual  experimental 
period  produced  less  effect  than  the  first. 

V.  Ftirth  and  Schwartz  (13)  have  attempted  to  prove  that  th^ 
vasodilator  effects  which  have  been  noted  after  the  injection  of 
extracts  of  practically  all  organs  and  tissues  are  due  to  the  pres- 
ence in  them  of  the  same  substance;  namely,  cholin.  This 
conchision  is  very  probably  erroneous,  as  shown  by  Vincent  (14), 

It  is  evidrait  that  aqueous  extracts  of  the  thyroid  may  contain 
more  than  one  active  substance.  Frankel  (15)  exti'Bcted  the 
Inland  in  boiling  water  and  after  removing  the  albinnen  obtained 
a  crystalline  body,  having  the  formula  CtHuNiOi.  But  this 
contains  no  iodin,  and  though  it  was  said  to  have  produced 
hyperthyroid  symptoms  after  subcutaneous  injection,  no  kymo- 
graph tracings  were  made. 

Baumann  (16)  produced  so  called  iodothyriu  by  boiling  the 
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thyroid  in  10  per  cent  sulphuric  acid.  Tliis  substance  contains  a 
h^  percentage  of  iodin  and  is  used  therapeutically  but  niimbei''- 
less  experiments  have  proved  that  at  least  it  is  not  the  normal 
■active  ingredient  of  the  organ. 

Oswald  (17)  has  attempted  to  sdww  that  iodothyrin  is  dmved 
from  a  preceding  tbyroglobulin  in  the  colloid.  All  investigators 
'  are  practically  agreed  that  whatever  the  active  ingredient  of  the 
thyroid  may  be,  it  has  a  definite  relation  to  the  content  of  iodin. 

A  comparison  of  tiie  results  of  'njectiona  of  thyroid  extracts 
'and'  of  iodothyrin  into  the  circulation  shows  quite  marked  differ- 
enises  with  different  observers  but  the  weight  of  evidence  is 
'against  any  noticeable  fait  of  blood  pressure  after  intravenous 
ihjectimia  of  iodothyrin.  It,  nevertheless,  seems  to  show  rather 
''Constant  effects  upon  the  nerve  supply  of  the  heart,  the  details 
•of  i^ch  appear  to  vary  in  different  animals,  von  Cyon  and 
Oswald  (18)  state  that  it  stimulates  the  cardio-inhibitory  center 
'  and  increases  the  electric  excitabiUty  of  the  vagus  and  affects 
the  terminal  filaments  in  the  heart  muscle,  von  Piirth  and 
Schwartz  (13)  claim  that  it  has  a  direct  effect  upon  the  heart 
muscle.  Barbera  (19)'  compares  these  results  with  injections  of 
iodin  and  its  salts,  and  seems  to  show  that  the  latter  have  an 
'antagonistic  action  to  iodothyrin.  Iodin  and  its  s^ts  apparently 
paralyzed  the'  v^us  and  its  nervus  depressor,  and  excited  the 
cardiac  and  vascular  sympathetic  nervous  system.  After  in- 
jections into  the  circiilation  of  iodothyrin  the  electric  irritability 
of  the  vagus  and  sympathetic  nerves  is  increased.  The  salts  of 
iodin  have  an  opposite  ^ect,  but  seem  to  directly  stimulate  the 
^rmpathetic  and  produce  in  dogs  and  rabbits  an  increase  in  tem- 
perature, blood  pressure  and  pulse  rate.  We  have  not  berai  able 
to  confirm  these  findings,  von  Cyon  (20)  has  attempted  to  prove 
'  that  the  electric  irritabihty  of  the  nervus  depressor  after  the 
injection  of  iodothyrin  is  greatly  increased.  Asher  and  Frank 
(21)  have  assumed  that  von  Cyon's  statements  are  correct  and 
that  the  secretory  nerve  fibres  for  the  thyroid  are  derived  from 
the  superior  and  reciurent  laryngeals,  and  claim  that  electric  stim- 
ulation of  the  nervus  depressor  shows  much  more  pronounced 
effects  after  than  before  a  preceding  stimulation  of  the  laryn- 
geals.   In  other  words,  that  an  increased  output  of  thyroid 
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Becretion  produced  by  stimulation  of  the  secretoiy  nerve  supply 
of  the  gland,  sensitizes  the  nervus  depressor.  If  the  thyroid 
is  removed  and  the  laryngeals  then  stimulated,  no  increased 
excitability  in  the  nervus  depressor  is  demonstrable.  They  also 
state  that  after  stimulation  of  the  huyngeals,  whi.ch  Ib  supposed 
to  produce  an  increase  in  the  thyroid  output,  an  injection  of 
adrenalin  produces  a  hi^er  rise  in  glood  pressure  than  a  similar 
injection  made  when  the  laiyngeals  have  not  been  stimulated. 

KrauB  and  Friedenthal  (22)  state  that  mixing  adrenalin  with 
extracts  of  thyroid  prolongs  and  intensifies  l^e  action  of  adre- 
nalin. 

From  the  experiments  quoted  it  is  quite  definite'y  established 
that  extracts  of  the  entire  thyroid  gland  contain  a  substance  or 
substances  which  have  a  pronoxmced  effect  on  lowering  blood 
pressure.  These  effects  are  more  pronoimced  when  obtained 
from  fresh  rather  than  dried  glands  and  from  those  from  mature 
rather  than  young  animals.  It  is  also  clear  that  boiling  does 
not  destroy  the  vasodilator  property.  The  effects  upon  pulse 
rate  and  respiration  are  at  least  insignificant. 

Our  experiments  have  been  begun  with  an  attempt  to  isolate 
from  a  watery  extract  of  the  fresh  gland  all  of  the  substances 
which  can  be  separated  with  as  little  alteration  as  possible  of 
thdr  chemical  structure.  These  include  the  aocalled  nucleo- 
protdns,  {^bulins,  coagulable  and  non-coagulable  albimiens, 
and  the  alcohol  soluble  and  alcohol  insoluble  residue.  Each  of 
these  bodies  has  been  dissolved  and  injected  intravenously  in 
dogs,  and  the  results  upon  the  blood  pressure,  respiration  and 
heaH  action  noted  in  the  usual  kymograph  tracings.  The 
solution  of  the  alcohol -soluble  residue  left  after  rranoval  of  all 
other  substfmces  has  been  foimd  to  be  the  only  substance  which 
produces  any  appreciable  effect  upon  the  blood  pressure.  ' 

The  glands  used  throughout  these  experiments  have  been  pig 
thyroids.  These  were  chosen  because,  of  their  relatively  high 
iodine  content  over  those  of  the  beef  or  sheep.  It  has  also  been 
found  that  the  separation  of  the  nucleoproteins  from  the  ex- 
tract of  the  pig  glands  was  readily  brought  by  precipitation  with 
acetic  acid  without  warming  to  44°C.  as  requbed  by  the  extracts 
from  she^  and  beef  glands. 
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PREPARATION  OF  THE  VARIOUS  THYROID  EXTRACTS   USED  IN  tHB 
&XPBRIMENT8 

The  thyroid  glands  were  obtained  from  a  slaughter  house  in 
as  fresh  a  condition  as  possible.  They  were  tiimmed  free  from 
any  adhering  fat  or  connective  tissue  and  immediately  finely 
grotmd  up  in  an  ordinary  meat  grinder.  This  hashed  up  mar 
terial  was  then  placed  in  large,  wide-mouthed  bottles  with 
twice  its  volinue  of  physiological  salt  solution  made  funtly  alka- 
line with  sodium  hydroxide.  It  was  shaken  for  two  hours  and 
then  placed  in  a  refrigerator  over  night. 

After  this  extraction  the  liquid  was  filtered  off,  first  through  a 
double  thickness  of  cheesecloth  and  then  through  paper  pulp  in 
a  Bilchn^  funnel.    The  extract  was  now  ready  for  separation. 

I.  The  nucleoproteins  were  precipitated  by  acidifying  with 
10  per  cent  acetic  acid.  After  standing  for  half  an  hour  or  so 
they  settled  out  and  were  filtered  off.  The  protad  precipitate 
was  ground  up,  suspended  in  distilled  wata",  dissolved  with  10 
per  cent  sodiiun  hydroxide,  filtered,  and  reprecipitated  with  10 
per  cent  acetic  acid.  After  settling  out  the  nucleoproteins 
were  washed  by  decantation  five  or  six  times  with  distilled  water. 
After  being  again  suspended  in  water  and  dissolved  with  as 
little  10  per  cent  sodium  hydroxide  as  possible,  they  were  ready 
for  use. 

The  add  filtrate  from  the  first  precipitation  was  the  basis  of 
all  the  rexnaining  proteins  used. 

II.  The  globulins  were  obtained  by  half  saturation  of  this  acid 
filtrate  with  ammonium  sulphate.  These  were  filtered  off,  dis- 
solved in  distilled  water,  placed  in  parchment  paper  dialysii^ 
bags  and  dialysed  for  ten  days  or  until  there  was  no  sulphate 
shown  to  be  present. 

III.  The  filtrate  from  the  globuhns  was  saturated  with  am- 
moniiim  sulphate  and  the  albumins  so  obtained  were  filtered  off 
and  dialysed  exactly  as  the  globulins. 

IV.  The  coagulable  proteins  were  obtained  by  boihng  the  acid 
filtrate,  filterii^  off  the  coagulated  portion,  makii^  faintly  alka^ 
line  with  sodium  hydroxide,  boiling  again  and  again  filtmng. 
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The  combined  precipitates  so  obtained  were  wadied  several 
times  with  distilled  water  and  then  dissolved  with  as  little  so- 
diimi  hydroxide  as  pos^ble. 

V.  The  protein  substance  that  is  here  called  the  "readue" 
was  the  filtrate  remuning  after  all  the  coagulable  proteins  had 
been  removed.  This  was  always  used  in  a  slightly  a'kaUne  con- 
dition. 

VI.  The  residue  was  evaporated  to  as  near  dryness  as  possible 
and  found  to  be  partly  soluble  in  95  per  cent  alcoho\  This 
gave  the  two  preparations  called  "alcohol  soluble"  and  "alcohol 
insoluble."  The  alcoholic  solution  was  evaporated  to  drive  oS 
the  alcohol  and  the  residue  remaining  was  taken  up  with  dis- 
tilled water  in  which  it  was  readily  soluble,  and  made  just  alkaline 
with  sodiimi  hydroxide.  The  alcohol  insoluble  portion  was  dis- 
solved in  water  and  made  faintly  alkaline  in  the  same  mann^. 

VII.  The  portion  "alcohol  soluble"  was  further  fractionated 
by  completely  precipitating  the  peptones  with  basic  lead  acetate. 
This  gave  the  two  portions  called  "lead  precipitate"  and  "lead 
filtrate." 

The  lead  precipitate  was  washed  sever^  times  with  distilled 
water  to  free  it  of  the  filtrate,  made  slightly  add  with  acetic 
acid,  heated  and  decomposed  by  pasang  sulphuretted  hydrogen 
gas  through  it.  After  complete  precipitation  of  the  resulting 
lead  sulphide,  it  was  filtered  and  the  filtrate  evaporated  almost  to 
dryness,  takea  up  again  with  distilled  water,  filtered  and  made 
faintly  alkaline  before  using. 

The  l6ad  filtrate  was  treated  mmilarly  with  sulphuretted  hy- 
drogen gas  to  precipitate  any  excess  of  the  baac  lead  acetate, 
filtered,  evaporated  to  approximate  dryness,  taken  up  with  dis- 
tilled wat^,  filtered  again  and  made  faintly  alkaline  for  use. 

VIII.  Some  iodothyrin  according  to  Banmann's  process  was 
obtfuned  and  a  saline  extract  of  this  prepared  for  comparative 
work  as  was  also  phyedological  salt  solution  extract  of  some 
"Desiccated  Thyroid  Glands"  prepared  by  Parke,  Davis  &  Co. 

The  protein  content  of  each  of  these  preparations  was  obtained 
by  finding  the  per  cent  of  nitrogen  by  the  Kjeldahl  method  and 
multiplying  this  by  the  factor  6.25.    The  iodine  content  was' 
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obtained  by  Rigg's  modification  of  the  Baumann  process  with  the 
further  Blight  modifications  given  in  a  previous  paper.  When- 
ever two  or  more  of  the  various  preparations  were  made  from 
different  sets  of  glands,  the  ratio  of  the  nitrogen  and  iodine  in 
each  was  found  to  be  fairly  constant  and  any  variation  can  be 
accounted  for  imder  seasonal  variation  if  not  merely  within  the 
linuts  of  unavoidable  technical  errors. 

Further  work  in  regard  to  the  chemical  nature  and  properties 
of  this  "residue"  is  being  carried  on  and  will  be  published  in 
subsequent  papws. 

The  following  table  shows  the  nitrogen  and  iodine  content  of 
the  exixaets  used: 


NucleoproteiDB 

OlobulinB 

Albumina 

Co^ulable  Froteina 

"Residue" 

Alcohol  Soluble 

Alcohol  Insoluble 

Leftd  Precipitate 

I^ftd  Filtrate 

lodothyriu 

Parke,  Davis  &  Co.,  deaiccated  thyroid. 


The  proteins  described  in  the  prevloiis  pages  were  used  in  an 
extensive  series  of  experiments  to  determine  their  effect  upon 
blood  pressure,  piilse  rate  and  respiration.  In  the  preliminary 
experiments  we  were  struck  with  the  marked  fall  in  blood  pressure 
produced  by  the  non-coagulable  portion  of  the  extract  called 
"Thyroid  Readue."  This  was  so  marked  in  its  effect  that  we 
were  led  to  compare  all  the  other  fractions  to  it  giving  com- 
parable doses  in  each  instance.  It  was  further  found  that  the 
depressant  substance  was  located  in  the  alcohol  soluble  portion 
of  the  residue;  also  in  the  filtrate  from  the  lead  precipitate.  It 
was  further  demonstrated  that  the  depressant  effect  of  the 
various  proteins  bore  no  relation  to  the  content  of  nitrogen  and 
iodin. 
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Dogs  were  the  experimental  animals  used  throughout  the  ex- 
periments. The  injections  were  all  made  in  the  femoral  v&n,. 
blood  pressure  taken  from  the  carotid  artery.  Before  the  in- 
jections were  begun  numerous  experiments  were  made  to  de- 
t^mine  the  effect  of  anesthesia  on  the  blood  pressure  and  it 

A/nM 


was  found  possible  to  keep  the  dogs  under  ether  for  periods  of 
three  or  four  hours  without  changes  in  the  blood  pressure. 

In  striking  contrast  to  the  effect  obtained  by  intravenous 
injection  are  the  results  showing  that  the  subcutaneous  injection 
of  enormous  doses  of  the  most  active  preparation  obtained  pro- 
duced no  effect  upon  the  blood  pressure.  The  experiments  were 
varied  in  some  instances,  giving  comparable  doses  of  nitrogen 
and  in  other  instances  comparable  dos^s  of  iodin  but  the  results 
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were  absolutely  uniform  in  showing  that  the  complete  protons 
did  not  produce  depressing  effects  in  any  way  comparable  to  the 
effects  produced  by  the  alcohol  soluble  uid  lead  filtrate  portions 
of  the  residue.  Enormous  doses  of  the  protein  produced  only 
relatively  slight  reactions.  The  intravenous  injection  of  the 
active  portions  of  the  residue  never  f^led  to  produce  a  reaction 
when  the  blood  pressure  In  any  d^ree  approached  normid. 
After  the  injection  of  large  doses  of  the  proteins  without  effect, 
a  small  dose  of  the  residue  produced  a  prompt  response. 

In  all  expenments  were  made  upon  sevraity-five  dogs.  The 
tracings  which  are  published  were  taken  from  three  animals  but 
they  are  identical  with  those  obtained  in  a  lai^  series.  The 
recovery  of  the  animal  following  a  small  injection  of  the  active 
portion  of  -the  residue  is  prompt  as  will  be  seen  from  the  trac- 
ings. Hie  injection  of  large  doses  of  residue  caused  a  depression 
in  blood  pressure  nearly  to  the  zcto  line;  the  recovwy  to  normal 
in  such  cases  was  very  gradual  but  finally  complete. 

On  account  of  the  Umited  space,  only  three  of  the  typical 
tracingswill  be  produced.  Tracing  No.  Ill,  showing  the  effects 
of  the  Thyroid  Coagulated  protein,  with  its  proton  dosage 
equivalent  to  that  of  the  Residue,  in  tracing  No.  VIII,  and 
tracing  No.  VI  with  its  protein  and  iodine  dose  many  times 
stronger  than  that  of  the  Residue.  Tracing  No.  VIII  is  typical 
of  the  effects  of  the  Residue.  The  effects  of  the  remaining  prep- 
arations from  the  Thyroid  are  given  in  Plates  I  and  II  in  tabu- 
lated form.    The  remaining  tracings  are  filed  with  this  Jodbnal. 


1.  Iodine  is  present  in  all  the  fractions  of  the  extract- 

2.  The  coagulable  fractions,  which  are  the  richest  of  all  the 
fractions  in  iodin,  produce  little  or  no  depressor  effect  even  in 
relatively  enormous  dosage. 

3-  The  "Residue,"  or  fraction  of  the  extract  which  remains 
after  the  removal  of  the  coagulable  fractions,  contains  iodin  but 
in  smaller  quantity  than  the  other  fractions. 

4.  The  depressor  effect  of  the  "Residue"  bears  no  relation  to 
the  total  iodin  content  of  the  gland  from  which  the  residue  is 
derived. 
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5.  The  depressor  effect  of  the  "Residue"  follows  only  after  its 
intravenous  injection.  It  is  not  muufested  after  subcutaneous 
injection. 

6.  Tachycardia  is  not  regularly  produced  by  this  depressor 
substance  although  a  very  large  dose  (lO'cc.)  does  accelerate  the 
pulse  rate  at  the  lowest  points  of  blood  pressure.  Later  the 
force  and  rate  of  the  heart  beat  return  to  normal  with  the  retium 
to  normal  of  the  blood  pressure.  (See  tracings  XIX',  XIX*, 
XIX»,  XIX*. 

7.  The  active  portion  of  the  "Readue"  is  not  precipitated  by 
baac  lead  acetate;  is  not  att^ed  by  boiling  nor  by  passage 
through  a  Berkefeld  filter;  and  is  soluble  in  alcohol. 

8.  No  immimity  to  the  depressor  effect  of  the  "Residue''  or 
of  its  active  portion  was  noted  during  the  limit  of  the  experi- 
ments (4-6  hours). 
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The  action  of  salts  forming  insoluble  calcium  compoiinds  has 
frequently  been  explained  by  their  physico-chemical  properties. 
Disturbance  of  the  calcium  mechanism  was,  with  -vexy  few  ex- 
ceptions, urged  as  the  only  cause  imderlying  the  chuiges  pro- 
duced by  the  soluble  salts  of  oxalate,  citrate  and  tartrate  when 
brought  in  contact  with  the  living  cell.  According  to  one  view, 
which  may  be  coDsidered  the  dominant  theory,  this  is  accom- 
plished by  the  precipitation  of  calcium,  while  another  explanation 
assumes  that  the  action  may  be  due  to  the  transformation  of 
calciimi  into  a  non-ionized  condition.  The  evidence  on  which 
these  theories  were  based  was  derived  by  various  methods  of 
inquiry.  Marked  disturbance  of  calcium  metabolism  following 
the  administration  of  soluble  oxalate  to  animals  is  one  of  the  ar- 
guments employed  in  favor  of  the  contention  that  the  mode  of 
action  of  this  salt  consists  in  depriving  the  body  of  this  impor- 
tant metal.  According  to  Caspari,'  who  experimented  on  dogs, 
and  Luitblein,*  who  employed  rabbits,  the  elimination  of  calcium 
is  greatly  increased  after  the  administration  of  sodium  oxalate. 
Corroborative  evidence  of  decalcification  was  fum^hed  also  by 
the  chemical  studies  of  Sarvonat  and  Rouble,'  who  analyzed  the 
skeleton  and  soft  parts  of  three  guinea  pigs  which  had  been  re- 
ceiving sodium  oxalate  for  6  to  7  days.  The  amounts  of  calcium 
found,  according  to  their  observations,  were  much  reduced  as  a 
result  of  the  treatment,  the  soft  parts  being  affected  before  the 

•Caapari:  Centrslblatt  f.  Agricultur  Chemie,  18S7,  26,  p.  529. 
*  Luitblein:  Archiv  fdr  experimentelle  Fatbologie  u.  Phannaikologie,  1912,  M, 
p.  375. 

■  SarvoDBt  aod  Roubier:  CompteB  Rendua  Societe  de  Biologic,  1911,  Tl,  p.  104. 
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bony  tissues.  It  is  interestii^;  to  note  in  this  connection  that 
according  to  Dixon's*  observations  the  prolonged  administration 
<tf  oxalates  to  rabbits  resulted  in  chaises  in  the  bones  resembling 
rickets.  The  observatiwis  of  Loew,*  who  reported  that  oxalic 
acid  is  not  toxic  to  molds  which  grow  without  calcium,  have  been 
looked  upon  as  especially  favorable  to  the  caldum  theory. 

But  the  main  support  for  the  contention  that  the  calcium  of 
the  tissues  is  in  some  way  concerned  in  the  changes  produced 
when  they  are  acted  upon  by  the  salts  under  consideration  was 
furnished  by  the  results  of  the  experiments  indicating  antago- 
nistic action  when  the  tissues  are  exposed  to  the  combined  influ- 
ence of  any  of  these  compounds,  and  of  soluble  lime  salts.  The 
data  which  form  the  basis  for  this  theory  were  obtained  by 
observations  under  a  variety  of  conditions  and  include  expm- 
ments  on  isolated  organs,  as  well  as  on  the  intact  animal.  Ac- 
cordii^  to  the  observations  of  Howell,*  which  were  corroborated 
later  by  Locke,'  the  irritability  of  the  gastrocnemius  of  the 
frog  which  is  Lminersed  in  sodiion  oxalate  may  be  restored  by 
means  of  calcium.  Januschke*  reached  the  same  conclusion  in 
experiments  with  sodium  oxalate  on  the  isolated  heart  of  the 
frog. 

Recently  Gates  and  Meltzer*  reported  experiments  with  sodium 
oxalate  and  magne^um  sulphate  in  which  it  was  shown  that  the 
action  of  magnesium  sulphate  is  much  more  toxic  when  oxalate  is 
administered  at  the  same  time.  This  was  assumed  to  be  due 
to  the  precipitation  of  calcium  which,  as  previously  shown  by 
Meltzer  and  Auer,*"  antagonizes  the  action  of  magnesium.  In  a 
later  communication  Gates  and  Mdtzer"  demonstrated  that  the 

*  Dixon,  W.  E.:  Manual  of  Phannaool<^Q',  p.  344,  London,  1906. 

■  Loew:  BiochemiBohe  Zeitachrift,  1912,  88,  p.  326. 

■  Howell :  Journal  of  Physiology,  18H,  U,  p.  476. 
'  Locke :  Journal  of  Fhysiology,  IBM,  IS,  118. 

■Januschke:  Archiv  fUr  experimeatelle  Pathologie  u.  Pharmakologie,  1909, 
U,  p.  363. 

'Gates  and  Meltcer:  Proceedings  of  the  Society  for  Experimental  Biology 
and  Medicine,  1913, 11,  p.  23. 

i*MeltierandAuer:  American  Journal  of  Physiology,  1906,  XI,  p.  400. 

»  Gates  and  Meltser:  Proceedings  of  the  Society  for  Experimental  Biology  and 
Medicine,  1914, 11,  p.  97. 
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anesthesia  and  paraty^  produced  by  sulnnuiinium  doses  of 
aodium  oxalate  and  of  magneffliun  sulphate  may  be  promptly 
abolished  by  the  administration  of  calcium  chloride.  The  same 
ooncluMons  were  reached  by  other  observers  who  studied  the 
action  of  these  salts  on  the  intact  animal  as  well  as  on  isolated 
organs.  Froelich  and  Chiari'*  observed  increased  irritability  of 
the  sympathetic  system  by  the  injection  of  sodium  oxalate.  This 
was  shown  by  the  Kreater  mydriatic  effect  of  adrenalin  and  by  a 
rise  of  blood  pressure  which  were  readily  counteracted  by  means 
of  calciimi  chloride.  According  to  Decottignie"  the  toxicity  of 
sodium  oxalate  may  be  decreased  by  the  previous  administration 
of  calcium  chloride  or  glycero-phosphate  of  calcium,  so  that  even 
a  surely  fat^  dose  of  the  oxalate  may  be  thus  survived.  Sugi- 
moto's'*  experiments  on  the  isolated  uterus  of  the  guinea  pig 
have  likewise  furnished  evidence  of  this  antagonistic  action. 
When  5  mgm.  of  sodium  oxalate  were  added  to  10  cc.  Ringer's 
Solution  containing  0.01  pituglandol,  marked  relaxation  with 
diminished  pendular  movements  occurred  immediately.  -  These 
effects  were  readily  ant^onized  by  adding  an  equivalent  amoimt 
of  calcium  chloride. 

In  expraiments  with  sodiimi  citrate  Sabbatani"  succeeded  in 
preventing  coagulation  of  blood  and  lymph  in  vitro,  as  well  as  in 
the  intact  animal.  The  antagonistic  action  of  calcium  chloride 
and  citrate  was  also  demonstrated  by  this  writer.  Since  calcium 
citrate  is  quite  soluble  he  concluded,  however,  that  its  inhibiting 
effect  on  co^^lation  was  due  to  the  transformation  of  calcium 
into  a  non-ionized  condition.  He  was  led  to  the  same  conclusions 
by  his  experiments  with  rennin.  The  non-coagulability  o(  sweet 
milk,  he  believed,  may  be  explained  by  the  presence  of  calcium 
in  the  form  of  the  citrate.  The  action  of  sodium  citrate  on  ren- 
nin and  the  antagonistic  effect  of  calcitun  were  corroborated 

"  Chiari  and  Froelich;  Archiv  fUr  experimentelle  Pftthologie  u.  Phumftkologie, 
1911,  M,  p.  214. 

"  DecottigDie :  Diwertation,  Paris,  1901-1902. 

■'  Supinoto:  Archiv  ftir  experimentelle  Pathologje  u.  Pharmakotogje,  1913, 
74.  p.  27. 

I'Sabbatani,  L. :  Archives  ItEtliennes  de  Biologie,  1901,  S8,  p.  417. 
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later  by  Vietinghoif-Scheel."  Loeb,"  experimenting  with  stri- 
ated muscle,  observed  that  it  contracts  powerfully  or  it  may 
even  go  into  tetanus  when  brought  in  contact  with  air,  oil,  or 
other  indifferent  solutions  after  previous  immersion  into  solutions 
of  sodium  tartrate,  oxalate  or  citrate.  Since  this  phenomenon, 
which  he  termed  contact  irritabiUty,  may  be  inhibited  by  adding 
small  amounts  of  calcium  chloride  to  substances  that  are  calcium 
precipitants,  Loeb  concluded  that  decrease  of  the  calcium  ions 
in  the  tissues  is  the  cause  of  this  peculiar  action.  He  made, 
however,  the  plausible  statement  that  these  salts  may  have  a 
specific  effect  upon  other  constituents  of  the  protoplasm,  such , 
as  protein.  The  calcium  theory  was  also  suggested  in  explanation 
of  the  action  of  the  purgative  salts.  Ijoeb  observed  that  salts 
which  precipitate  calcium  are  the  most  powerful  stimuli  of  nerve 
and  muscle  and  that  they  also  exert  a  pui^tive  effect.  Their 
action  would,  therefore,-  be  the  same  whatever  the  mode  of 
administration,  for  contact  with  the  cell  is  all  that  is  necessary 
in  order  to  produce  the  desired  effect.  Macallum'*'  "  and  Ban- 
croft^" put  this  theory  to  an  experimental  test.  Experiments 
with  citrates  and  tartrates  given  by  subcutaneous  injection  into 
xabbits  produced  purgation  which  could  be  inhibited  by  calcium 
chloride.  Their  results  would  seem  to  be  contradicted,  how- 
ever, by  the  experiments  of  Auer,"  as  he  failed  to  produce  pur- 
gation in  rabbits  by  the  subcutaneous  injection  of  sodium  citrate. 
That  the  action  of  this  salt  is  due  to  the  formation  of  a  compound 
with  calcium  was  contended  later  by  Robertson  and  Burnett." 
According  to  theseobservers  tolerance  to  sodium  citrate  may  bepro- 
duced  in  rabbits  and  is  due  to  adaptation  to  a  lower  calcium  level. 
The  calcium  theory,  it  may  be  noticed,  has  gained  adherents 
among  many  workers  who  sought  an  explanation  for  the  pharma- 

'*  ViettDBhoff-Scheel :  Archives  intemationajes  de  pharmacodynomie  et  de 
therapie.  1902,  10,  p.  145. 

"  Loeb:  American  Journal  of  Physiology,  1901,  5,  p.  362. 

■'Mscallum:  University  of  California  Publications,  Phyaiology  I,  1903,  p.  6. 

>■  Macaltum :  University  of  California  Publications.    Physiology  II,  10O&,  p.  6S. 

*■  Bancroft:  Journal  of  Biological  Chemistry,  1907,  S,  p.  191. 

"  Auer,  J. :  American  Journal  of  Physiology,  1906,  IT,  p.  15. 

"  Robertson  and  Burnett:  Journal  of  Pharmacology  and  Eicperimental  Thera- 
peutJCB,  1912,  S,  p.  63fi. 
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cobgical  action  of  oxalates,  citrates  and  tartrates.  A  notable 
exception  to  this  view  was  taken,  however,  by  Gros**  in  a  recent 
communication  on  this  subject.  He  found  in  experiments  on 
the  isolated  frog  heart  ihat  sodium  citrate  is  decidedly  more 
toxic  than  sodium  oxalate,  which  is  a  fact  of  considerable  impor- 
tance for  calcium  citrate  is  quite  soluble,  a  saturated  solution  at 
room  temperature  beii^  about  1  gram  per  hter,  while  calcium 
oxalate  is  practically  insoluble.  The  calcium  precipitation  theory 
is,  therefore,  untenable  according  to  this  observer. 

In  the  course  of  investigations  on  the  action  of  sodium  tar- 
trate  on  tbe  circulation  carried  on  in  tbis  laboratory  it  was 
observed  t^t  the  effect  of  this  sfdt  may  be  promptly  abolished 
by  the  intravenous  injeA^on  of  sufficient  quantities  of  calciam 
chloride.  Tbe  antagonistic  action  of  the  calcium  and  tartrate 
in  the  intact  animal  pointed  therefore  to  disturbance  of  the  cal- 
cium mechanism  as  the  cause  of  the  action  of  the  tartrate  ion. 
It  seemed,  however,  that  a  more  definite  answer  concerning  this 
mechanism  might  be  obtained  by  making  a  comparative  study 
of  the  action  of  salts  closely  allied  with  respect  to  the  solubility 
of  their  calcium  compounds.  This  coupled  with  the  obvious 
advantage  to  the  solution  of  a  problem  gained  by  experimenti^ 
tion  under  conditions  much  less  complicated  led  to  the  systematic 
study  of  aodiimi  tartrate,  citrate,  and  oxalate  on  the  isolated 
heart. 

METHODS 

The  isolated  heart  of  the  dog,  cat  and  frog  was  used  in  these 
expmments.  Perfusion  of  the  mammaUan  heart  was  carried 
out  as  follows:  The  animal  was  anesthetized  and  bled  from  the 
carotid  artery,  Locke's  solution  being  introduced  at  the  same  time 
into  the  fauoral  v^.  We  found  that  the  amount  of  blood  re- 
moved was  an  important  factor  in  the  success  of  the  expmment. 
The  heart  of  the  animal  that  was  bled  until  it  was  tdmost  ex- . 
sanguinated  frequently  failed  to  give  satisfactory  results.  It  soon 
became  oedematous  and  after  a  short  time  it  stopped  in  systole. 
Uniformly  good  results  were  obtained,  however,  when  bleedii^ 

'■Gros:  Archiv  fUr  expeniDentelle  Pathologie  u.  Pbarmakologie,  1913,  Tl, 
p.  3SS. 
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was  moderate  or,  better  still,  when  the  subject  was  not  bled  at 
all  before  removal  of  the  heart.  The  LangendoriT  apparatus  was 
used,  a  double  walled  glass  chamber  in  which  the  heart  was  sus- 
pended being  substituted  for  the  original  metallic  chamber  as 
recommended  by  the  author  of  this  method.  It  was  raised  above 
the  bath  and  kept  at  the  same  temperature  as  the  perfusing  fluids 
by  circulating  water  in  the  intervening  space. 

The  pressure  in  the  perfusion  fluids  and  in  the  heart  was  care* 
fully  regulated,  all  experimentB  being  carried  out  under  uniform 
pressure.  The  same  precaution  was  observed  with  regard  to 
tbe  temperature  of  the  fluid  as  it  entered  the  heart.  Special 
tests,  however,  to  ascertain  the  effect  of  temperature  have  ^own 
that  small  differences  do  not  materially  influence  heart  action. 
Changes  in  pressure,  on  the  contrary,  have  produced  consider- 
able differences  in  cardiac  action. 

The  frog's  heart  was  perfused  by  means  of  ^  cannula  which 
was  introduced  into  the  sinus  venosus,  the  other  veins  being  tied. 
The  fliud  thus  passed  through  the  heart,  leaving  it  by  way  of  the 
aorta.  The  solutions  used  for  perfusion  were  contained  in  res- 
ervoirs which  terminated  at  the  lower  end  into  glass  tubes  pro- 
vided with  stop  cocks.  By  means  of  rubber  tubii^  each  reser- 
voir was  connected  with  the  heart  cannula.  A  free  flow  of  the 
solutions  was  allowed,  the  perfusing  fluids  being  thus  replaced 
continually.  The  fluids  in  the  reservoirs  were  kept  at  approxi- 
mately constant  pressure. 

Experiments  loith  Sodium  Tartrate 

Previous  investigations  on  this  subject  have  been  made  by 
Karczag,"  who  observed  decreased  cardiac  activity  and  heart 
block  when  the  isolated  heart  of  the  turtle  was  perfused  with 
TTK  tartaric  acid.  Depressed  heart  action  was  also  obtained, 
by  Gros"  and  by  Sakai»»  in  experiments  with  tartrates  when  the 
isolated  heart  of  the  frog  was  perfused. 

"  Kbtcmb:  Zeitschrift  fflr  Biologie,  1909,  U,  218. 

»  Grw:  1.0. 

"Sakki:  Zdtsehrift  fOr  Biologie,  19U,  64,  p.  i. 
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Our  owD  investigations  with  sodium  tartrate,  which  were 
carried  out  on  the  heart  of  the  dog,  cat  and  frog,  have  likewise 
shown  depressed  heart  action  which  varied,  witii  the  concentra- 
tion of  the  solution  used.  Thus  perfusion  of  the  cat's  heart  with 
solutions  of  TT,  rir,  A  and  t5t  sodium  tartrate  in  defibrinated 
blood,  diluted  with  Locke  solution,  or  in  Locke  solution  alone, 
was  followed  by  diminished  activity  of  the  heart  which  became 
more  marked  as  the  concentration  .of  sodium  tartrate  was  in- 


Fig.  2.  Graphic  compariBon  of  effect  on  the 
frog-heart  of  equivalent  quantities  of  sodium 
citrate  and  sodium  tartrate  dissolved  in  Ringer 
solution.  Perfusion  time  in  all  cases  30  seconds, 
each  point  representing  an  average  of  at  least  two 
determinations.  The  difference  between  the 
smallest  amplitude  obtained  on  perfusion  with  a 
given  concentration,  and  theamplitude  just  before 
perfusion,  divided  by  the  latter  quantity  gives  the 
amplitude  decrease  in  per  cent. 
Fig.  1.  The  response  of  the  isolated  cat-heart  to  four  concentrations  of  so- 
dium tartrate  in  Locke  solution. 

creased  (fig.  1).  It  may  be  remarked,  however,  that  the  action 
did  not  vary  in  the  same  ratio  as  the  concentration.  The  effect 
of  various  dilutions  was  even  better  exemplified  in  experiments 
on  the  frog's  heart  (fig.  3)  in  which  very  dilute  solutions  were 
employed.  When  wr  sodium  tartrate  was  perfused  for  30  to  60 
seconds  a  slight  cardiac  depression  was  observed,  the  systole 
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aXone  being  decreased  in  some  experimeDts,  in  others  the  de- 
crease affected  diastole  as  well  as  the  systole.  This  may  be  re- 
garded as  the  mJTiiTniiTn  concentration  which  can  produce  any 
^ect  since  a  tStt  solution  proved  to  be  without  any  action.  Car- 
diac activity  was  markedly  depressed  xmder  the  influence  of  iw 
sodium  tartrate,  the  effect  on  the  systole  being  more  pronounced 
than  on  the  diastole.  This  was  also  observed  with  more  concen- 
trated solutions.    Altiiouf^  the  effects  varied  with  the  concen- 


Fig.  4.     Shows  the  effect  of  perfusion 
time  on  the  toxicity  of  aodium  citrate. 


Pig.  3.  Tracings  showing  the  results  of  30-second  perfusions  with  various 
ooncentrations  of  sodium  tartTSt«  in  Ringer  solution.  When  the  heart  is  not 
working  very  strongly  only  systole  ia  affected  (ti)  while  both  systole  and  dias- 
tole are  afTected  when  the  contractions  have  a  Urge  amplitude.  Compare  thia 
figure  with  figure  6  showing  action  of  sodium  citrate. 

tration  of  the  salt,  their  ratios,  as  was  observed  in  experiments 
with  the  cat's  heart,  were  likewise  imequal.  This  is  apparent 
on  comparing  the  action  of  t7if,  A  and  tV  solutions  of  sodium 
tartrate,  the  decrease  in  amphtude  being  respectively  40,  70  and 
90  per  cent  (flgs.  2  and  3). 
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A  very  noticeable  diffCTence  in  the  action  of  sodium  tartrate 
was  also  obtained  by  varying  the  perfusion  time,  tt  sodium  tar- 
trate perfused  for  one  minute  produced  a  marked  decrease  in 
amplitude  in  the  dog's  heart.  When  the  perfusion  time  was 
increased  to  If  or  more  minutes,  cardiac  action  was  much 
weaker  and  also  became  irregular.  The  effect  of  time  was  also 
noticeable  in  experiments  with  shorter  intervals,  and  as  wiU  be 
shown  later,  was  especially  strikii^  in  experiments  with  sodium 
citrate  (fig.  4). 

Experiments  with  Sodium  Citrate 

There  is  a  noteworthy  paucity  in  the  literature,  of  studies  on 
the  action  of  citrates  on  the  circulation.  Vietinghoff-Scheel'* 
reported  some  experiments  on  t^e  effect  on  blood  pressure  while  a 
short  notice  was  recently  published  by  Gros,**  Clark"  and  later 
by  Sakai"  on  its  influence  on  the  isolated  frc^  heart.  We  are  not 
aware  of  any  other  published  conununications  on  the  subject. 
In  the  experiment  to  be  reported  sodlmn  citrate,  dissolved  in 
Locke  solution,  was  employed  in  various  concentrations,  the  cat 
heart  and  that  of  the  frog  bdi^  used.  The  ^ect,  a  description 
of  which  follows,  may  be  eoimdered  typical  of  the  action  of 
sodium  citrate  on  the  heart  of  the  cat. 

A  solution  of  ts  sodiimi  citrate  produced  complete  cessation 
of  cardiac  action,  which  occurred  about  30  to  40  seconds  after  the 
solution  was  turned  on  (fig.  5).  For  two  minutes  after  the 
citrate  was  discontinued,  Locke  solution  being  substituted  in 
its  place,  the  heart  was  at  a  standstill.  Altho\^  considerable 
improvement  took  place,  the  recovery  was  incomplete  and  very 
slow.  Eight  minutes  after  perfu^on  the  contractions  were 
still  weak,  the  amplitude  being  about  one-sixth  the  size  b^ore 
perfu^on  with  the  citrate.  It  may  be  r^narked,  however,  that 
the  rhythm  was  regular  at  this  time. 

»'  Vietinghoft-Scheel  r  I.e. 

"  Clark:  Journal  of  Physiology,  1913, 47,  p.  66. 
"Sakai:  I.o. 
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The  effect  of  concentration  was  well  shown  in  experiments 
with  weaker  solutions,  yo  sodium  citrate  (fig.  5)  perfused 
for  one  minute  was  just  sufficient  to  suspend  heart  action  about 
the  end  of  the  period,  but  the  contractions  were  just  as  vigorous 
one  minute  after  liocke  solution  was  turned  on  as  before  the 
citrate  was  perfused,  the  amphtude  continuing  to  increase  during 
the  next  30  seconds  tmtil  it  became'  30  per  cent  greater  than  it 
was  durii^  the  fore  period.  The  rate  was  only  slightly  accel- 
erated. A  nxunber  of  experiments  with  tif  solution  was  also 
carried  out.  In  every  case  heart  action  was  reduced  considerably, 
the  individual  beats  becoming  very  feeble  in  some  instances,  in 
others  they  were  still  fairly  strong  at  the  end  of  one  minute  per- 
fusion with  citrate.    Heart  action,  however,  was  never  inhibited 


Fig.  5.  Action  of  two  coDcentrations  of  sodium  citrate  in  Locke  on  the  cat's 
heart.    Cf.  figure  1. 

completely  as  was  observed  with  stronger  solutions.  Except  in 
one  experiment  the  activity  of  the  heart  in  the  after  period  was 
greatly  augmented,  the  force  being  appreciably  greater  on  re- 
covery, but,  as  was  already  stated  under  sodium  tartrate,  this 
lasted  a  brief  period  after  which  it  became  normal  again.  It 
is  worthy  of  notice  that  rhythm  was  not  appreciably  affected 
during  these  experiments. 

Experimaits  with  citrate  on  the  isolated  frog  heart  have 
shown  even  more  clearly  the  influence  ctf  concentration  (figs, 
2  and  6).  It  was  found  that  a  very  dilute  solution,  ttW,  sodium 
citrate  perfused  for  two  minutes  was  still  active  though  very 
sl^tly  so  but  a  solution  of  rtnnr  perfused  for  30  seconds  to  one 
minute  showed  a  well  marked  decrease  in  amplitude  with  prompt 
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recovery  when  the  perfusion  with  the  citrate  was  discontinued 
and  Ringer  or  Locke  solution  allowed  to  pass  through  the  heart. 
Solutions  of  Tw,  TTT,  TTTT  and  tSti  were  idso  tested.  As  shown  in 
figure  6  the  force  of  cardiac  contraction  diminished  as  the  con- 
centration was  increased.  The  amplitude  after  perfusion  with  a 
TZTi  solution  for  30  seconds  promptly  diminished  so  that  the 
heart  heats  were  noticeable  when  magnified.  Attention  may 
be  called  here  to  the  interesting  phenomenon  abeady  observed 


Fig.  6.    Tracings  of  the  effect  of  Bodium  citrate  in  Ringer  on  the  frog-heart. 
Cf.  the  ext«nt  of  the  effects  observed  here  with  that  in  figure  3. 

with  sodium  tartrate,  namely,  the  augmentation  of  cardiac  acr 
tion  in  the  after  period.  This  was  even  more  marked  with  so- 
dium citrate,  especially  when  concentrations  above  nnnr  were 
employed.  In  some  experiments  the  amplitude  was  doubled 
when  Kinger  or  Locke  solution  was  perfused  after  previous  treat- 
ment with  citrate  but  the  rhythm  was  not  disturbed.  There 
was  never  any  irregularity  such  as  was  observed  under  similar 
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conditions  in  the  cat's  heart.  The  decrease  in  amplitude  with 
different  concentrations  is  best  shown  in  figures  2  and  6.  It 
will  be  noticed  that  the  decrease  is  not  proportional  to  the  increase 
in  concentration.  Thus  after  perfu^g  with  jhs,  for  example, 
the  amplitude  decreased  38  per  cent;  when  the  concentration 
was  WT  the  decrease  was  about  65  per  cent. 

Attention  may  be  called  in  this  connection  to  the  influence  of 
the  perfu^on  time.  As  is  shown  in  figure  4  marked  differences 
were  observed.  When  perfused  for  10  seconds  depression  was 
pronoimced  but  the  contractions  were  good  at  the  end  of  the 
experiment,  recovery  being  prompt.  But  when  the  same  heart 
was  perfused  for  30  aecobds,  cardiac  depression  was  greater  and 
recovery  was  delayed. 

The  CompaTQiive  Action  of  Tartrate,  Citrate,  and  Oxalate 
If  sodium  tartrate  and  citrate  be  now  compared  it  will  be 
observed  that  in  the  same  concentration  the  citrate  is  a  more 
powerful  depressant  than  the  tartrate.  This  is  shown  with  great 
clearness  in  experiments  on  the  frog  heart.  Thus  the  amplitude, 
as  shown  in  figures  2,  3  and  5,  was  decreased  nearly  10  per  cent 
with  w<r  sodium  tartrate,  while  the  decrease  with  nv  sodium 
citralie  was  50  per  cent.  It  may  be  remarked  here  that  tth  so- 
dium tartrate  had  no  effect  on  the  frog  heart  while  this  concen- 
tration of  sodiimi  citrate  decreased  the  amplitude  approximately 
45  per  cent.  The  difference  was  about  the  same  with  tth  solu- 
tions, while  a  solution  of  tw  showed  a  decrease  of  33  per  cent 
with  soditmi  tartrate  and  95  per  cent  with  sodium  citrate.  The 
results  obtained  with  the  heart  of  the  dog  and  cat  have  similarly 
shown  that  sodium  tartrate  is  much  weaker  than  citrate.  This 
is  well  iUustrated  in  figures  1  and  5  in  which  the  effects  of  Si 
and  Tu  of  the  tartrate  and  citrate  are  shown.  Similar  results 
were  obtained  with  Vi  solutions. 

The  comparative  action  of  sodium  citrate  and  sodium  oxalate 
was  also  studied.  Owing  to  the  insolubility  of  calcixmi  oxalate 
in  neutral  salt  solutions  a  Locke  solution,  minus  calcitmi,  was 
used  in  which  the  salts  to  be  tested  were  dissolved.  An  isotonic 
sodium  chloride  solution  was  also  tried,  but  this  was  abandoned 
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as  it  was  found  unsatisfactory.  Heart  action  became  feeble  and 
uncertain  when  perfused  with  this  solution.  Gros,"  and  more 
recently  Arima,**  reported  that  a  sodium  chloride  solution  alone 
may  sustain  the  heart  of  the  frt^.  Their  method,  however,  was 
quite  different  from  the  one  employed  in  the  present  investiga- 
tion. They  filled  the  heart  with  small  quantities  of  flmd,  1  to 
IJ  cc,  which  they  allowed  to  remain  for  some  time  instead  of  con- 
tinually changing  the  perfusing  flmd  as  was  done  in  our  experi- 
ments.   According  to  Arima  the  immediate  effect  of  such  a  solu- 


Fig.  7.  Effect  on  the  isolated  cat-heart  of  sodium  citrate  and  sodium  oxa- 
late  disBolred  in  Locke  solution  minus  calcium.  The  effect  of  a  Locke  no  cal- 
cium solution  on  the  same  heart  is  shown  for  comparison.  The  perfusion  time 
is  two  minutes,  the  broken  line  marking  the  close  of  one  minute's  perfusion. 
Citrate  ie  seen  to  be  the  more  toxic  anion. 

tion,  even  when  small  quantities  were  used,  was  to  bring  the  heart 
to  a  standstill,  from  which  it  recovered,  however,  within  ten 
to  fifteen  minutes. 

Control  experiments  with  calcium-free  Ringer  or  Locke  solu- 
tion, which  we  carried  out  on  the  hearts  of  cats  and  frogs,  indi- 
cated a  decided  decrease  in  cardiac  activity,  but  the  effect  was 
much  greater  when  such  a  solution  containing  either  citrate  or 
oxalate  was  perfused  for  the  same  lei^th  of  time  (see  figs.  7,  8  and 

•'Gros:l.c. 

"  Arima:  Archiv  fflr  die  gesammte  Physiologie  des  Menschen  und  der  Thiere, 
1614,  UT,  p.  531. 
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9).  In  some  experiments  a  moderate  activity  of  the  heart  was 
still  present  at  the  end  of  two  minutes'  perfusion  with  a  calciuni- 
free  solution,  which  was  not  the  case  when  perfused  with  such  a 
solution  containing  even  moderate  amounts  of  citrate  or  oxalate. 
Comparative  tests  with  citrate  and  oxalate  were  carried  out 
with  equi-molecular  solutions  of  these  salts,  dissolved  in  Ringer 


Fig.  8.  Effect  on  the  frog-heart  ^'B-  9.  Two  consecutive  pertuB- 
of  alternate  perfusion  with  aodium  """  '"*''  «*'■»*«.  ""*  '"O  with  oxal- 
citrate  and  aodium  oxalate  diseolved  ***  »™  ™*""*  oiianotherfr<^-heart, 
in  Rii^r  minus  calcium.  Perfusion  ^B""  '"enonstrating  the  greater  toxic- 
time  is  10  seconds,  there  being  two  ''y  "^  «''*™*«-  ""«  "*«  "^  perfusion 
minutes  between  perfusions.  ""  ""*  ^^"'  ^^  greater  than  that  in 
figure  8. 

or  Locke— minus  calcium.  The  results  obtained  indicate  that  in 
some  cases  oxalate  has  the  same  activity  as  citrate,  but  in  a  much 
lai^r  niunber  of  experiments  the  citrate  was  decidedly  stronger 
than  the  oxalate.  This  is  particularly  well  illustrated  in  experi- 
ments on  frogs  when  the  perfusion  time  lasted  only  ten  seconds 
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(figs.  8  and  9).  Wliea  the  perfusion  time  was  longer  the  differ- 
ence  was  much  less  marked.  In  experiments  on  the  cat's  heart 
similar  results  were  obtained  (fig.  7).  A  solution  of  t?t  (fig- 
7)  sodium  citrate  at  the  end  of  one  minute's  perfusion  caused  a 
considerable  decrease  in  heart  action,  the  amplitude  as  shown  in 
the  figure  beii^  markedly  diminished.  When  y^  sodiimi  oxalate 
solution  was  perfused  through  the  same  heart  four  minutes  later, 
the  diminution  of  heart  action  at  the  end  of  one  minute's  per- 
fusion was  noticed  to  be  much  less  marked.  Recovery,  how- 
ever, was  somewhat  slower  than  after  the  citrate.  A  more 
concentrated  solution  has  also  shown  that  the  citrate  is  more 
active  than  the  oxalate.  This  appears  very  strikii^y  with  per- 
fusion for  one  minute  of  tV  sodium  citrate  and  tti  sodium  oxa^ 
late.  Complete  cessation  of  cardiac  action  for  more  than  thirty 
seconds  followed  perfusion  with  citrate,  while  perfusion  with  oxa- 
late of  the  same  concentration  seven  minutes  later  caused  a  very 
marked  decrease  in  amplitude,  but  the  heart  was  contracting, 
thou^  feebly,  at  the  end  of  the  period.  Recovery  in  this  case, 
too,  was  rather  slow.  The  heart  failed  to  attain  the  same  strength 
as  after  the  citrate. 


As  observed  in  the  introductory  remark,  precipitation  of  cal- 
citmi  in  the  cell  and  tissues  was  offered  as  an  explanation  of  the 
action  of  tartrate,  oxalate,  and  citrate.  The  results  we  obtained 
we  believe  justify  the  conclusion  that  this  theory  is  untenable, 
for  if  the  precipitation  of  calcium  in  the  tissues  were  the  cause  it 
would  follow  that  the  salts  which  form  the  most  insoluble  com- 
pound with  this  metal,  would  be  the  most  toxic.  According  to 
this  theory  sodium  oxalate  oi^ht  to  be  the  most  toxic  of  the 
three  salts  imder  consideration,  for  its  calcium  salt  as  given  by 
Richards,  McCaffrey  and  Bisbee*'  is  very  shghtly  soluble  in  neu- 
tral solution,  while  soditmi  citrate  ought  to  be  the  least  active 
because  calcium  citrate  is  the  most  soluble  of  the  three  salts. 
Its  solubiUty  was  found  to  be  0.0950  grams  per  100  cc.  according 

"Richards,  McCaffrey  and  Bisbee:  Zeitachrift  fQr  aaorganiaehe  Chemie, 
1001,  n,  p.  85. 
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to  Partheil  and  Hiibner."  Sodium  citrate  ought,  therefore,  to 
be  also  less  toxic  than  sodium  tartrate  for  the  solubihty  of  calcium 
tartrate,  as  determined  by  Cantoni  and  Zachoder,*^  is  0.0525  per 
100  cc,  which  is  about  half  that  of  calcium  citrate.  Our  experi- 
ments have  immistakably  shown,  however,  that  sodium  citrate 
is  the  most  toxic,  while  sodium  tartrate  is  least  toxic.  The  com- 
parative strength  of  these  three  salts  is  illustrated  in  figures  2,  3, 
8  and  3. 

Transformation  into  non-ionized  compounds  was  the  other 
theory  suggested  to  explain  the  action  of  these  salts.  Experi- 
ments undertaken  to  test  this  theory  utterly  failed  to  furnish 
any  evidence  of  such  a  change.  When  the  heart  of  the  cat  was 
perfused  with  solutions  of  calcium  tartrate  or  citrate  in  various 


Fig.  10.  Locke-tartrate  metwa  a  Locke  solution  in  which  the  CaCli  waa  re- 
placed by  an  equivalent  quantity  of  Ca  tartrate.  The  toxic  effect  of  the  small 
quantity  of  tartrate  ion  is  completely  masked  by  the  effect  of  the  Ca  ion.  Loeke- 
citrate  ia  a  Locke  solution  in  which  CaCl)  is  replaced  by  an  equivalent  of  Ca 
citrate.  The  greater  toxic  action  of  the  citrate  ion  is  shown  by  the  inability  of 
the  Ca  ion  to  completely  mask  its  effect.  The  record  was  taken  with  the  isolated 
cat-heart. 

concentrations  it  was  found  that  these  salts  could  be  as  readily 
utilized  as  calcium  chloride.  Figures  10  and  11  show  that  when 
experiments  were  conducted  with  Ringer  or  Locke  solution, 
calcium  citrate  or  tartrate  being  used  instead  of  calcium  chloride, 
the  same  amount  of  calcium  being  contained  in  the  solution  in 
each  case,  the  results  obtained  were  the  same.  Little  or  no 
difference  due  to  the  tariirate  or  citrate  ion  could  be  observed. 

"  Partheil  and  HUbner:  Archiv  dcr  Pharmazie,  1903,  241,  p.  413. 
"  Cantoni  aod  Zachoder:  Bulletin  de  la  society  chimique  de  France,  1905,  S3, 
p.  747. 
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In  this  connection  Clark's"  observations  are  exTceedingly  in- 
terestii^.  He  found  that  the  insoluble  calcium  oleate  formed 
by  adding  its  soluble  sodium  salt  to  Ringer's  solution  can  revive 
the  isolated  frog  heart  that  has  been  fatigued  by  continuous 
perfusion  with  this  fluid. 

Attention  may  also  be  directed  to  the  rapid  action  of  the 
salts  observed  in  our  experiments  in  which  perfusion  for  ten 
seconds  only  was  suflicient  to  produce  marked  effects.  No  sat- 
isfactory explanation  can  be  offered  at  present,  but  in  the  light 
of  the  investigations  on  the  permeability  of  the  cell  to  organic 


Fig.  11.  Effect  on  the  cat's  heart  of  equivalent  quantities  of  CaCli  and  Ca 
tartrate  diaeolved  in  Locke.  This,  as  well  as  figure  10,  shows  that  the  toxicity 
of  tartrate  and  citrate  cannot  be  attributed  to  a  tranaformatjon  of  calcium  into 
compounds  that  the  heart  cannot  "use." 

acids  and  neutral  salts,  surface  action  suggests  itself.  Accord- 
ing to  recent  observations  of  Harvey*^  the  rate  of  diffusion  of 
oxalic,  tartaric  and  citric  acid  into  the  cell  is  twdve,  fifteen,  forty 
and  thirty  minutes,  respectively,  while  Overton"  previously 
demonstrated  that  organic  salts  penetrate  into  the  cell  even 
much  more  slowly  than  their  acid.  Harvey**  has  also  shown 
that  while  the  cell  is  permeable  to  some  dyes  in  the  acid  condi- 

»•  Clark:  I.e. 

"  Harvey:  Science,  N.  S.,  1914,  89,  p.  947. 

"  Overton :  Archiv  fOr  die  gesanunte  Physiologie,  1902,  tt,  p.  115. 

"  Harvey:  J.  Experimental  Zoology,  1911, 10,  p.  507. 
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tion,  it  resists  their  extrance  as  a  neutral  salt.  It  has  been 
suggested  that  the  action  of  kations  is  also  extracellular.  Over- 
ton*" claimed  that  potassium  and  calcium  penetrate  the  striated 
muscle  fiber  very  slightly  if  at  all  and  maintained,  therefore, 
that  the  action  of  electrolytes  on  striated  muscle  is  confined  to 
the  surface.  Boehm*'  more  recently  adopted  the  same  explana^ 
tion  for  the  action  of  potassium  and  calcium  on  the  isolated  heart 
of  the  frog,  for  the  rapid  action  of  their  salts  would  have  been 
impossible  if  the  effect  observed  depended  upon  their  penetra- 
tion into  the  muscle  cell.  The  prompt  recovery  observed  in  our 
experiments  when  Hinger  and  Locke  solution  was  perfused  after 
the  previous  treatment  with  citrate,  tartrate,  or  oxalate  may  also 
be  regarded  as  additional  evidence  against  internal  cluuiges 
produced  by  these  salts.  If  any  dam^e  were  done  to  the  cell, 
as  might  indeed  be  expected  if  these  substances  penetrated  into 
the  interior  of  the  muscle  fiber,  it  is  extremdy  doubtful  whether 
the  heart  could  resume  its  normal  activity  almost  momentarily 
and  not  only  make  a  perfect  recovery  but  even  exhibit  for  an  ap- 
preciable lei^h  of  time  augmented  activity  without  any  untoward 
after  effects.  No  definite  statement  can  be  made,  however,  as 
to  the  nature  of  the  extracellular  changes  involved.  Whether 
it  is  due  to  loss  of  lipoids,  as  suggested  by  Clark's**  observations, 
or  to  some  phyEdco-chemical  changes  at  the  suiface  of  the  cell 
cfumot  be  told  at  present  for  our  knowledge  of  the  factors  con- 
cerned in  the  phenomena  observed  is  aa  yet  wholly  inadequate. 

8UMMABT   AND   CONCLUSIONS 

1.  The  results  obtained  in  this  investigation  diow  that  sodium 
tartrate  is  much  less  active  than  citrate  or  oxalate. 

2.  Equi-molecular  solutions  of  the  latter  perfused  for  the  same 
length  of  time  indicate  that  sodium  citrate  may  be  more  toxic 
than  oxalate. 

**  Overton:  Arohiv  fUr  die  geaammte  Phyeiologie,  1904,  lOB,  p.  179. 

"  Boehm:  Archiv  fQr  eiqterimentelle  Pathologie  und  Fliaimakologie,  1914,  76, 
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3.  The  action  varies  with  the  perfusion  time,  the  longer  the 
heart  was  perfused  the  greater  the  toxic  effect. 

4.  The  data  obtained  do  not  support  the  calcium  precipitation  \ 
theory  as  an  explanation  of  the  action  of  these  salts  since  the  | 
effect  seems  to  be  independent  of  the  solubihty  of  their  com- 
pounds with  calcium.     Our  conclusions  are  therefore  in  harmony  l 
with  those  of  Gros. 

5.  The  theory  that  the  action  is  due  to  the  formation  of  non- 
ionized  calcium  salts  is  hkewise  untenable  for  calciimi  tartrate 
and  citrate  can  be  utilized  by  the  heart. 

6.  The  rapid  action  indicates  that  the  changes  produced  are 

not  due  to  penetration  into  the  cell  since,  as  was  found  by  Ovei^  | 

ton  and  Harvey,  diffusion  of  neutral  salts  into  the  cell  takes  place  i 

very  slowly.  ! 

It  is  su^ested,  therefore,  that  the  effects  are  due  to  extra-  j 

cellular  chaises.  I 
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Our  knowlef^e  of  in  vivo  autolysis  rests  upon  comparatively 
few  observations.  Martin  Jacoby^  found  free  leucin  and  tyrosin 
in  necrotic  portions  of  %ated  liver. 

Green*  on  the  botanical  side,  described  autolytic  chaises  in 
seed  genoination;  other  botanists'  have  likewise  done  this  al- 
though Pond^  failed  to  find  the  date-seed  embryo  capable  of 
self-digestion.  P.  A.  Levine*  found  evidences  of  autolysis  in 
developing  e^s  of  fish  and  fowl.  The  circumstantial  evidence 
that  the  only  adequate  explanation  of  disuse  atrophy  and  kin- 
dred phenomena  is  autolysis  may  complete  our  invoice  of  data 
upon  autolysis  in  the  body. 

Three  years  ago,  the  present  writer  conceived  the  idea  of  study- 
ing the  proems  of  involution  in  the  larval  frog  with  special  ref- 
erence to  the  possibility  of  autolysis  being  the  principal  factor, 
for  here  is  an  ever-available  supply  of  material.  With  the  newer 
methods  for  studying  small  amoimts  of  material  (Folin's,  Van 
Slyke's,  Abderhalden's,  Sorwisen's,  etc.),  the  problem  would  not 
seem  difficult.  In  reviewii^  the  literature,  which  is  quite  ex- 
tensive,* it  became  evident  that  no  work  had  been  perfonned 
upon  the  physiology  of  the  problem,  alt  having  been  concerned 

'  Zeitachr.  t.  physiol.  Chemie,  30,  p.  14B. 
'  Proo.  Roy.  Soc.  London,  47,  p.  147. 

■  GrOae:  Ber.  D.  bot.  Gee.,  11,  p.  2SS;  12,  p.  60.  Brown  ^d  Moitib:  Journ. 
Chem.  Soc.,  67,  p.  4S8.  Van  Tieghem:  Comptes  rendos,  84,  p.  S82.  Gris:  Ann. 
Sci.  Nat.  Bot.  (S)  2,  p.  90.  Htmsteen:  Flora,  79,  p.  419.  IJni:  Jahrb.  wiss.  Bot., 
20,  p.  287. 

*  Annals  of  Botany,  January,  1906. 

*  Zeitsclir.  f.  phyeiol.  Chemie,  35. 

■  Cf.  Mercier:  Arch.  d.  lool.  vxpfa.  et  gitx.  (4)  6,  p.  1,  for  bibliography. 
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with  histological  aspects.  Phagocytosis  was  accepted  abnost 
in  every  case  as  the  efficient  factor,  dating  from  the  classic  in- 
vestigations of  MetschnikofT^  on  the  absorbing  "tail  of  the  tad- 
pole of  the  frog,  which  became  the  foundation  for  his  theory  of 
phagocytosis.  One,  alone  amongst  the  number  of  students  of 
involution  advocated  any  process  other  than  phagocytosis 
(Loosa).*  While  Looss  had  nothing  other  than  histological 
data  to  present,  yet  he  advocated  the  process  of  physiological 
absorption- — "einer  Aufl5sung,  mit  einer  Resorption  im  strengen 
Sinne  des  Wortes."'  The  tail  he  likens  to  "der  Dottersack  filr 
den  aich  raitwickelnden  Embryo"  and  like  the  yolk-sac,  "die 
Dottennaterial  wird  ohne  Hiilfe  von  Leuko-  oder  Phagocyten 
aufgebraucht."  For  insects,  during  the  period  of  metamor- 
phosis, the  exhaustive  researches  of  Janet*"  show  that  "au 
cours  de  la  d^g^n^rescence,  c'est-S-dire  depuis  le  moment  ou  le 
muscle  est  encore  intact  jusqu'&  celui  oil  il  n'en  reste  plus 
d'autre  trace  que  tea  enveloppes  de  ses  faisceaux,  il  n'y  a  certaine- 
ment  aucune  phagocytose  c'est-^-dire  aucim  eoglobement,  par 
un  leucocyte  amibolde,  de  particules  polides  du  muscle  en  his- 
tolyse.""  The  process  is  conceived  as  "ime  histolyse  par  di- 
gestion cavitaire  due  &  Taction  des  diastaijes  du  sai^  lesquelles 
diastases,  sans  action  sur  le  tissu  vivant,  apte  k  se  d^fendre 
t'attaquent  des  qu'il  est  mort.""  In  this  opinion,  Janet  is  sup- 
ported by  Korotneff,"  Miall  and  Hammon,"  Karawaiew," 
Rengel,"  Beriese,"  Terre,"  et  al. 

I  Biologuchee  Centralb.,  3,  p.  S60. 

*Loon:  PraiMchriften  von  der  FOntUeh  Jablouowski'schen  Gesellschaft  in 
Leipiig.    ZXVII.    VerUg  von  B.  S.  Hiriel  in  Leipng. 

*L.  c,  p.  91. 

i*Anatomie  du  oorselet,   etc.    Limoges:   Ducourtieux  et  Gout   (privately 
printed). 
■>  P.  134. 
"  P.  133. 

"  Biol.  Centralb.-,  12,  p.  261. 
"  Trans.  Linnean  Soo.  (2)  6,  p.  295. 
■•Biol.  Centralb.,  19,  p.  122. 
>•  Zeitachr.  f.  visa.  Zool.,  62,  p.  I. 
■'  Zool.  Anteiger,  23,  p.  441. 
»  Bull.  Soc.  entom.  France,  1900,  p.  62. 
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Atrophy,  such  as  occurs  in  muscle  degeneration  in  man  (myo- 
sitis, dermstomyositis,  etc.)  is  nearly  tmiversally  ascribed  to  a 
process  involving  phagocytes."  How  much  the  atrophy  of 
disuse  is  interpretable  upon  this  theory,  or  upon  any  other  is 
\mknown  at  present.  The  similarity  of  histological  pictures 
and  descriptions  of  muscle  degeneration  and  atrophy  in  the 
larval  frog's  tail  is  striking,  lending  a  certain  basis  to  the  beUef 
that  fundamentally,  there  is  a  correspondingly  similar  physio- 
1(^cal  substratum;  that  is,  that  the  pathological  states  de- 
scribed by  Senator,  StrQmpel  and  others  are  reflected  in  the 
normal  absorption  of  the  tadpole's  tail. 

That  phagocytosis  is  the  efficient  factor  in  the  involution  of  the 
tail  of  the  frog  larva  is  improbable  from  the  following  considera- 


Sbowing  the  relation  betne«n  autolysing  muscle  in  a  nonnal  condition  and 

when  it  has  undergone  partial  degeneration  after  its  innervation  has  been  cut. 

Continuous  line— control;  broken  line— experiment. 

tions:  In  the  first  place,  it  is  exceedingly  doubtful  that  phago- 
cytes affect  normal  tissue,  so  that  we  must  logically  assume  a 
precedent  l^ion,  something  perhaps  as  BatEdllon*"  has  done  in 
regard  to  the  growth  of  the  urostyle,  which  cuts  off  the  blood 
supply,  leading  to  an  asphixiation  of  the  tail  tissues.  Secondly, 
the  rapidity  of  the  process  is  scarcely  coordinate  with  the  activity 
of  phagocytes;  normally,  over  a  half  of  a  gram,"  dry  weight,  of 
tissue  becomes  absorbed  during  two  weeks,  but  while  this  is  not 
especially  striking,  what  of  the  anomaly  when  on  feeding  thyroid, 

■•  Cf.  Steiner:  Joum,  Exp.  Med.,  vol.  6,  1904. 

"  Comptes  Rendus  (9),  2,  p.  137. 

"  In  Rana  pipiena;  in  Rana  catesbiana,  this  may  be  tripled. 
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which  Gudematsch*^  has  shown  to  accelerate  the  process  of 
absorption  over  two-thirds,  so  that  even  three  days  show  the 
complete  absorption  of  the  tail  tissues.**  Again,  histological 
studies  reveal  the  relatively  small  ntimber  of  phagocytes;  that 
the  process  of  atrophy  begins  at  least  in  some  tissues  (epider- 
mis, Loess),  before  the  advent  of  pha^ocytra;  that  along  with 
the  phagocytes,  erythrocytes  appear  which  are  to  be  accoimted 
for  in  these  locations  only  by  rupture  of  the  blood  vessels  since 
diapedesis  does  not  occur  in  the  red  celts;  this  rupturing  seems 
to  indicate  the  previously  weakened  condition  of  the  walls  of  the 
vessels  and  of  the  sarcolemma  (Barfurth,  liOoss).  In  myositis, 
the  degeneration  of  the  muscle  takes  place  centrifugally,  not 
centripetally,  so  that  the  core  of  the  muscle  fibr^  and  not  the 
periphery,  where  the  phagocytes  occur,  exhibits  the  d^enera- 
tive  chaises  first  (Steiner).  Thirdly,  I  have  shown**  that  there 
is  no  concomitant  rise  in  leucocytes  and  especially  of  the  poly- 
nuclear  variety,  during  the  process  of  involution,  a  rise  which 
should  be  expected  if  the  process  is  due  to  the  activities  of  phago- 
cytes derived  from  the  blood;*'  leucocytosis  should  appear  here 
as  in  corresponding  cases  in  mammals. 

The  various  theories  as  to  the  nature  of  the  impulse  causing 
involution  which  have  been  offered,  are  inadequate.  Barfurth** 
suggested  disuse  degeneration,  but  anyone  familiar  with  tadpoles 
will  bear  witness  to  the  fact  that  the  tail  is  used  during  swim- 
ming movements  even  during  metamorpho^.  Bataillon's*'  "as- 
phixiation  theory,"  involvii^  a  cutting  off  of  the  blood  supply 

X  Arch.  f.  Entwicklungam.,  35,  457  (1912). 

"  As  to  what  the  epecial  factor  in  thyroid  is,  the  present  writer  has  shown 
(Journ.  Biological  Chemistrj,  10,  No.  3,  1914)  that  iodiu  in  some  association 
with  thyroid  globulin  or  even  iodised  amino-acida  (3,  5,  diodo-tyroain)  produce 
the  eame  result  as  intact  gland  substance  as  used  first  by  Gudernatsch. 

"  Proc.  See.  Exp.  Biol,  and  Med.,  10,  p.  31. 

■*  Although  Metchnikoff  firat  postulated  that  the  phagocytes  were  not  blood 
cells,  but  arose  in  gitu,  yet  the  researches  of  Mercier  have  shown  that  the  cells 
which  Metchnikoff  described  as  phagocytes  circulate  in  the  blood  stream  and  in 
histological  sections,  they  are  shown  to  be  leucocytes. 

»•  Also:  Bohn,  G.:  Comptes  rendus,  86,  p.  661. 

»'  Comptes  rendus  (9)  2,  p.  137. 
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is  not  favored  by  my  experiments  in  ligating  the  dorsal  tu 
of  nonnal  and  of  involuting  larvae  with  the  result  that  no  ef 
upon  metamorphosis  in  any  case  was  visible.  Barfurth  's^'  furl 
idea  that  hunger  may  be  the  "forderndes  Prinzip"  can  scan 
be  true,  for  Bfibak  showed  in  1906  that  larvae  do  feed  and  m< 
over,  the  studies  of  Gudematseh,  myself  and  others,  where  f 
is  administered  (thyroid)  show  that  involution  occurs  when  f 
is  present.  The  corresponding  case  of  the  Rhine  salmon 
scribed  by  Miescher,'*  where  no  food  is  taken  during  the  atro; 
of  the  muscle  and  the  formation  of  gonads,  is  not  a  pan 
one  to  the  larval  frog,  nor  is  the  instance  of  larval  insects 
same,  for  in  both  cases,  masses  of  food  are  laid  up  previoui 
metamorphosis.*"  Loeb*'  has  shown  that  the  nervous  sys 
has  no  influence  on  metamorphosis  and  I  can  corroborate 
observation  by  my  experiments  upon  severing  the  nerve  c 
of  normal  and  involutii^  individuals. 

With  regard  to  autolysis,  it  must  be  admitted  that  the  casi 
present  is  not  clear.  I  have  shown  in  another  place**  that  tl 
is  no  quantitatively  demonstrable  difference  in  amino-acid  ( 
tent  in  normal  and  in  involuting  larval  tails.  The  suggesi 
was  there  made  that  perhaps  the  case  was  similar  to  that  of 
amino-acid  content  of  the  blood,  earher  investigations  failinj 
reveal  the  presence  of  these  compounds,  while  later  by  aid  of 
micro  methods  to  which  I  have  referred  at  the  b^inning  of 
present  article,  these  Bausteine  were  recognized  by  Van  Slj 
Folin  and  Abderhalden  and  quantitatively  estimated,  even 
though  they  were  rapidly  withdrawn  from  the  blood  stre 
But  in  the  present  instance,  exactly  these  methods  have  fa 
used. 

The  purpose  of  the  following  pages  is  to  present  evidence  t 

"  Arch.  f.  mikr.  Anat.,  20,  p.  28. 

"  HistoohemischeB  und  phyBiologiBchea  Arbeiten. 

"  Storage  of  food  does  take  place,  of  course,  in  the  frog,  to  a  alight  e;i 
aa  in  the  fat  body,  so  that  the  case  is  even  stronger  against  Barfurth's  idc 
to  inanition. 

*>  Archiv  f.  Entwicklungam.,  4,  p.  602. 

"  Proc.  Soc.  Exp.  Biol,  and  Med.,  12. 
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in  vitro  autolysis  is  not  accelerated  in  absorbing  tissue  over  non- 
absorbing  (which  will  be  designated  the  control),  as  might  be 
postulated  if  autolysis  were  the  efficient  factor. 

The  method  used  was  the  aseptic  one  of  Salkowski,**  toluene 
and  chloroform  being  used  for  inhibiting  bacterial  growth.  The 
material  was  kept  in  a  theimostat  at  30°  C ;  while  this  tempera- 
ture may  not  be  optimum  for  poikilothermous  ftnimftla  like  frog 
larvae,  yet  inasmuch  a&  autolysis  proceeded  in  the  controls,  this 
d^ree  of  heat  does  not  inhibit  the  enzyme  action. 

Experimejii,  June  SS.  Tails  from  about  twenty  metamorphosing 
frog-Jarvae  (Sana  pipiena)  were  cut  from  the  body  at  their  bases,  dried 
upon  filter  paper  from  adhering  moisture  and  blood,  balanced  against 
a  mmilar  set  from  non-involuting  larvae,  ground  in  sand,  made  up  to 
250  cm.*  distilled  water,  covered  with  toluol  and  placed  in  a  thermostat 
at  37°  G.  Left  five  days,  shaken  daily.  Kjeldahl  determinations 
upon  25  cm.*  aliquots  of  the  tannic  acid  filtrates  gave,  for  25  cm.* 
portions: — 

Control  Abflorbing 

1.0  cm.'  ?  NH*  1.0  cm.*  ?  NH*  *♦ 

Similar  results  were  obtuned  from  a  ten  day  period  sample,  showing 
that  no  acceleration  of  auiolysif  appears  in  the  dbaorbing  tissue  over  the 
control. 

The  above  experiment  has  been  repeated  upon  larvae  of  Rana 
catesbiana,  in  Connecticut,  with  the  same  results. 

Experiment,  August  11.  0.40  gram  wet  weight  of  nuterial  from  the 
tails  from  each  of  a  set  of  normal  and  involuting  individuals  of  Rana 
pipiens  was  placed  in  50  cm.*  Erlenmeyer  flasks  with  3  cm.'  HiO  (mak- 
ing thus  approximately  5  cm.' cultures).  2.6  cm.*  aliquots  were  examined 
after  twenty-four  hours  by  Van  Slyke'a  gasometric  method  for  amino- 
acids,  as  foUows: — 

Control  Abaorbmg 

Initial 0.350        cm.»  nitrogen  over  H»0 0.325 

24  hr.  aliquot." 0.385        cm.*  nitrogen  over  HjO 0.410 

These  figures  are  all  within  the  error  of  observation  in  the  present 
instance,  showing,  again,  that  m>  acceleration  of  autolysis  is  evident  in 

"  Die  Deutsche  Klinik,  11,  1903. 

"  ColcufatioiiB  are  left  thus  since  only  relative  weights  were  used. 
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absorbing  over  control  material.^  Taken  in  connection  with  the  former 
experiment,  I  think  that  the  case  warrants  the  generalization  that 
there  is  no  evidence  for  acceleration  of  autolysis  in  the  larval  frog's  tail. 

It  is  difficult  to  detOTmine  the  mtrogen  partition  of  excreta, 
which  mi^t  afford  some  evidence  in  the  present  caae.  Owing 
to  the  fact  that  during  metamorphosis,  the  intestine  voids  itself 
of  faeces,  which  contain  bacterial  remains,  along  with  portions 
of  xmdigested  plant  material,  bearing  nitrogen,  collection  of  the 
urine  is  attended  with  unsurmountable  difficulties;  collection  of 
the  jirine  itself,  if  possible,  involves  loss  of  nitrogen  in  the  form  of 
ammonia  and  urea  would  bedecomposedalso.  However,  I  placed 
five  individuals  from  each  of  the  two  divisions,  viz.,  control  uid 
absorbing,  in  a  larger  beaker  containing  100  cm.*  distilled  water 
and  after  twenty-four  hours  made  Kjeldahls  on  the  filtered  liquid: 
(100  cm.'  aliquot) 
Control  Absorbing 

0.80  cm.'  S  Ha 1.10 

Ninhydrin  being  negative  after  filtering,  there  is  little  reason  to 
believe  that  this  difference  concerns  amino-acids.  Moreover, 
urea  determinations  show  that  it  is  not  urea  nitrogen.  In  all 
probability,  the  result  concerns  defecated  matter.  During  the 
time  of  this  experiment,  the  weight  changes  were: — Beginning, 
3.04  g.  twenty-four  hours,  2.44  g.,  average  of  five  individuals; 
difference,  0.60  g.  =>  loss  in  weight  for  twenty-four  hours. 

That  the  creatin  nor  creatinin  component  is  altered,  I  have 
shown  in  another  place**  and  while  this  criterion  of  muscle  atro- 
phy is  held  in  question  by  some*^  as  a  valid  ind^c  of  endogenous 
metabolism,  yet  the  point  is  of  interest  here. 

It  is  impossible,  therefore,  with  our  present  knowledge,  to 
state  whether  involution  in  the  larval  frog  involve  a  closed 
system,  that  is,  that  the  materials  from  the  tail  act  as  "Dotter- 
materiar'  for  the  developing  embryo  as  Loose  suggested,  and  as 

**  Tbe  diSerence  of  0.019  mmg.  amino-nitrogen  of  the  control  and  of  0.046 
mmg.  in  the  case  of  the  absorbing  tiasue  can  scarcely  be  made  a  eatisfactoiy  basis 
for  ascribing  acceleration. 

••  Bioohem.  Bull.,  1913. 

"  Mellanby:  Jouni.  Physiol.,  36,  p.  447. 
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Mieseher**  and  Noel  Paton"  found  for  the  fishes  developing 
gonads  at  the  expense  of  other  tissues. 

Anglas,"  a  student  of  insect  metamorphosis,  has  suggested 
that  phagocytes  may  act  "lyocytically,"  that  is,  excrete  an 
enzyme  which  may  attack  the  tissues,  causing  atrophy.  This 
su^estion  is  similar  to  the  process  of  heterolysis  of  Jacoby; 
but  in  our  present  case,  inasmuch  as  beterolysis  and  autolysis 
would  give  similar  results,  we  find  no  evidence  for  this  view." 

Summarizing,  we  may  say  that  no  evidence  is  deducible  from 
the  foregoing  experiments  tending  to  show  that  autolysis  is 
accelerated  in  the  atrophying  tissues  of  the  larval  frog." 

"  (L.c.) 

"  P&ton,  Noel:  FisherieB  Board  of  Scotland,  1898,  p.  175. 

*>  Comptes  rendua,  Paris  (11),  51,  p.  947;  fi2,  p.  210;  Bull.  Sci.  Pr.  et  Belg.,  34, 
p.  363. 

*■  In  one  regard,  the  procesa  of  lyoBitosia  is  different  from  heterolysia,  fot  tUe 
former  method  implies  that  the  leucocytes  are  alive,  while  heterolyais  may  occur 
in  vitTO,  after  the  tisBuea  are  dead.    Note  the  relation  to  excretion  of  leucopro- 

"  That  the  absorption  of  tissues  which  have  suffered  lesions  does  not  involve 
acceleration  of  tissue  enzyme  action  is  aubstantiated  by  the  graph  shown  above, 
where  the  ratea  of  autolysis  in  muaclea  (1)  normal  and  (2)  with  nerve  cut  for 
oai  week,  are  cranpared.  It  will  be  noted  that  the  control  and  experiment  proceed 
in  a  aimilar  manner.  The  method  uaed  wsa  aa  f  otlowa :  Rabbit,  etherited,  sciatio 
cut  in  one  1^;  aaepsia  throughout;  wound  sewn  up,  iodine,  bandage;  after  one 
week,  musclea  concerned  were  excised,  weighed  wet,  ground  in  sand,  made  to 
given  amount  of  distilled  water  and  allowed  to  remain  in  thermostat  at  40°  C. 
for  twenty  daye,  tannic  non^recipitable  nitrogen  being  determined  by  Kjeldahl 
method  at  two  day  intervals.    Results  in  ce.  J  NHi. 
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I.   THE  ABSENCE  OP  PAIN  AKD  TACTILE  SENSIBILITY  IN  THE  NOEMAL 
GASTRIC  MUCOSA 

Everyday  e}q}erience  tells  us  that  the  stomach  mucosa  is  not 
sensitive  to  touch.  Fawlow  (15)  states:  "It  can  hardly  be 
doubted  that  under  nonnal  conditions  the  surface  of  the  stomach 
has  a  certain  degree  of  tactile  sensibility"  (p.  90).  The  term 
tactile  senmbihty  is  evidently  used  here  in  the  sense  of  a  geno^ 
response  to  mechanical  stimiilation  rather  than  as  implying  a 
true  tactile  sensibility.  When  solid  food  is  swallowed,  no  tac- 
tile sensation  is  felt  after  the  food  has  passed  the  pharynx,  imleSE 
the  mass  is  so  large  that  it  causes  unusual  distension  of  the  esoph- 
agus. In  that  case  it  may  be  felt  all  the  way  down  the  esoph- 
agus, but  this  is  due  to  the  distenaon  of  the  wall  of  the  esophagus 
and  not  a  tactile  sensation  from  contact  with  the  mucosa. 

Hertz  (1)  tested  on  himself  the  tactile  sensibihty  of  the  mucosa 
of  the  esophagus  by  means  of  an  esophagoscope  with  a  slit 
down  the  side  so  that  a  metal  bulb,  in  a  long  holder,  could  be 
moved  along  the  mucous  membrane  of  the  esophagus  and  the 
pharynx.  The  pharyngeal  mucosa  was  found  to  be  sensitive  to 
touch,  the  esophi^eal  mucosa  was  insensitive 

One  of  us  (A.  J.  C.)  tested  the  tactile  senability  of  his  own 
gastric  mucosa,  swallowing  a  good  sized  rubber  rube,  throi^ 
which  was  passed  a  test  tube  brush  attached  to  a  strong  piano 
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wire.  Pulling  the  test  tube  brush  about  in  the  cavity  of  the 
stomach  produced  no  sensation. 

Numerous  tests  were  made  on  the  gastric  mucosa  of  Mr.  V., 
our  gastric  fistula  case.  Gently  touching  or  striking  the  mucosa 
with  blunt  objects  produces  no  sensation.  If  the  mucosa  is 
rubbed  or  pressed  very  vigorously  with  a  blunt  object  Mr.  V. 
says  he  "can  feel  it,"  he  cannot  describe  the  sensation  thus  pro- 
duced except  in  a  negative  way.  It  is  not  like  touch,  nor  is  it 
pain  or  hunger  (2).  Whatever  the  character  of  the  sensation 
may  be  we  are  satisfied  that  it  is  a  real  change  in  the  stream  of 
consciousness,  for  he  recognizes  these  stimuli  when  he  has  no 
other  means  of  knowing  that  the  gastric  mucosa  is  being 
handled.  The  sensation  may  not  originate  in  the  mucosa,  but 
in  the  muscularis  (tonus  relaxation  through  reflex  inhibition) 
or  possibly  in  the  viscra^t  peritoneum,  as  the  pressure  must  be 
considerable  to  produce  it. 

We  are  satisfied  that  the  stimulation  of  the  normal  g^ric 
mucosa  of  Mr.  V.  does  not  produce  tactile  sensation.  The  same 
conclusion  has  been  reached  by  previous  workers  using  human  gas- 
tric fistula  cases. 

Gastric  pain  is  a  familiar  clinical  symptom,  the  himger  pangs, 
which  are  of  gastric  ori^n,  are  in  reality  hunger  pains  (2),  and 
most  of  our  readers  have  probably  experienced  the  gastric  pain 
produced  by  swallowing  excessively  hot  food.  Do  any  of  these 
pains  originate  from  stimulation  of  nerve  endings  in  the  gastric 
mucosa?  We  are  satisfied  from  numerous  tests  on  Mr.  V.  that 
the  sensation  of  pain  cannot  be  produced  from  the  normal  gastric 
mucosa  by  any  stimulation  confined  to  the  mucosa  itself.  Pin- 
pricks or  incisions  of  the  normal  mucosa  do  not  seem  to  afTect 
consciousness  in  any  way.  It  does  not  follow  that  pain  may  not 
be  caused  by  the  stimulation  of  the  hypersensitive  mucosa. 
We  have  no  personal  obsar^ations  touching  this  point,  but  the 
literature  seems  to  show  that  the  gastric  pain  accompanying 
excessive  inflation,  gastric  ulcers,  and  chronic  obstruction  is  due 
to  the  mechanical  stimulation  of  byperseuEdtive  nerves  or  nerve 
endings  in  the  muscularis  or  sub-mucosa  by  excessive  distension 
or  contraction. 
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II.   THE   SENSATION   OP  TEMPERATURE 

In  1S46  Weber  suggested  that  the  sensation  of  cold  or  warmth 
in  the  epigastrium,  after  drinking  ice  cold  or  very  warm  water, 
originates  in  the  skin  of  the  abdomen  over  the  stomach  and  not 
in  the  stomach  mucosa  (3).  According  to  Weber  sufficient  con- 
duction takes  place  through  the  walls  of  the  stomach  and  abdo- 
men to  stimulate  the  temperature  nerves  of  the  skin.  Becher 
(4)  swallowed  a  single  rubber  tube  and  through  it  injected  water 
of  different  temperatures  into  the  stomach.  He  did  not  experi- 
ence any  heat  or  cold  sensation  before  the  heat  or  cold  has  passed 
through  the  walls  of  the  tube  and  stimulated  the  mucosa  of  the 
esophagus.  Mueller  concluded  that  ice  water  produced  no  sen- 
sation in  the  stomach.  Zimmerman  (5)  irrigated  his  stomach 
with  hot  or  cold  water  through  a  thick  rubber  tube.  He  claims 
that  hot  or  cold  sensations  WCTe  felt  only  when  the  lower  end  of 
the  tube  was  30  to  35  cm.  distant — hence  not  far  from  the  lower 
end  of  the  esophagus.  He  therefore  concludes  that  the  sensation 
is  projected  from  the  esophageal  mucosa.  Mackenzie  (6)  be- 
lieves that  the  temperature  sensations  induced  by  hot  and  cold 
water  into  the  stomach  is  due  to  reflex  vaao-motor  changes  in 
the  skin  of  the  abdomen.  Nystrom  (7)  reports  that  touching 
the  gastric  mucosa  of  a  man  with  gastric  fistula,  with  a  hot  piece 
of  metal  or  piece  of  ice,  does  not  call  forth  any  definite  temperature 
sensations.  According  to  Hertz  (1)  the  heat  or  cold  sensations 
felt  in  the  epigastrium,  upon  swallowing  hot  or  cold  water,  comes 
from  the  lower  end  of  the  esophagus.  The  water  accumulates 
here  before  the  cardiac  orifice  opens  and  thus  that  part  of  the 
esophagus  is  stimulated  more  than  the  parts  above.  He  war- 
rants his  conclusion  by  this  observation:  by  auscultation  over 
the  epigastrium  after  swallowing  a  mouthful  of  very  hot  or  cold 
water,  one  will  find  that  immediately  after  the  second  degluti- 
tion wjimd,  which  occurs  after  the  last  trace  of  food  h^  entered 
the  stomach,  the  hot  or  cold  sensation  disappears.  He  also 
states  that  upon  injecting  hot  or  cold  water  through  a  double 
India  rubber  tube,  no  temperature  sensation  was  noticed  before 
three  or  four  oimces  had  passed  into  the  stomach.    An  ill-defined 
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tempa^ture  sensation  was  then  experienced,  but  this  was  due  to 
the  conduction  of  heat  or  cold  to  the  esophageal  wall.  He 
therefore  concludes  that  the  stomach  mucosa  is  not  endowed  with 
heat  or  cold  nerve  endings.  Quincke  (8)  introduced  hot  and 
cold  water  into  the  stomach  of  a  boy  with  a  gastric  fistula  and 
reports  that  the  patient  experienced  vague  heat  or  cold  sensations. 
Neumann  (9)  and  Roux  (10)  injecting  hot  and  cold  water  into 
the  stomach  through  a  double  rubber  tube,  experienced  heat  and 
cold  sensations  in  the  stomach,  the  cold  sensation  being  the  more 
pronounced.  Head,  Rivers  and  Sherren  (11)  injected  water  at 
different  temperatures  into  the  colon  of  a  patient,  upon  whom  a 
colostomy  had  been  performed,  and  found  that  water  at  20  to 
40°C.  produced  no  sensation  at  all  but  water  at  50°C.  and  very 
cold  water  did  give  rise  to  temperature  sensations,  but  that 
these  sensations  were  by  no  means  as  pronounced  and  as  easily 
localized,  as  those  produced  by  applying  water  at  the  same  tem- 
peratures to  the  skin.  Head  concludes  that  the  viscera  is  en- 
dowed with  protopathic  temperature  senwbility  only. 

It  is  evident  from  the  above  that  by  far  the  majority  of  those 
who  have  investigated  this  problem,  have  experienced  a  vague 
heat  or  cold  sensation,  in  the  region  of  the  epigastrium,  upon 
stimulating  the  stomach  mucosa  with  very  hot  or  very  cold  water. 
Those  who  do  not  believe  that  the  sensation  arises  in  the  stomach 
mucosa  explains  its  origin  in  one  of  the  following  ways: 

(a)  It  is  due  to  conduction  to  the  skin  of  the  abdom^i. 

(6)  It  is  due  to  reflex  vascular  changes  in  the  skin  of  the  ab- 
domen. 

(c)  It  is  projected  from  the  esophagus. 

(d)  It  arises  in  the  lower  part  of  the  esophagus. 

Our  own  experiments  on  Mr.  V.  and  on  ourselves  go  to  show 
that  the  above  mentioned  theories  are  not  tenable.  That  is  to 
say,  that  the  gastric  mucosa  is  endowed  with  protopathic  tempera- 
ture sensibility. 

The  first  series  of  experiments  was  on  Mi.  V.  He  was  blind- 
folded and  was  not  told  the  nature  of  the  experiments.  The 
water  40-60  cc.  was  injected  thro;^  a  small  rubber  tube  which 
was  passed  through  the  large  permanent  tube  of  the  fistula. 
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With  water  at  50°C.,  he  sfud  that  he  felt  a  heat  sensation  in  the 
stomach  after  a  latent  period  of  about  five  seconds.  When  the 
same  amoxint  of  watCT  at  10°C.  was  injected  a  cold  sensation 
was  felt  after  a  slightly  shorter  latent  poiod.  A  metal  rod  5 
mm.  in  diameter  heated  to  about  50°C.  was  passed  down  through 
the  fistula  catheter  until  the  end  touched  the  mucosa  of  the  dor- 
sal wall  of  the  stomach.  A  longer  latent  period  elapsed  here 
before  any  heat  sensation  was  noticed.  When,  however,  a  small 
piece  of  ice,  held  by  a  pair  of  forceps,  was  brought  into  contact 
-with  the  stomach  mucosa,  the  latent  period  was  not  much 
longer  than  when  the  cold  water  had  been  injected.  A  cold 
sensation  was  distinctly  felt.  These  experiments  wwe  repeated 
over  and  over  again  and  Mr.  V.  was  invariably  able  to  recognize 
whether  the  mucosa  was  being  stimulated  with  hot  or  cold 
media,  provided  the  hot  media  was  45  to  55°C.  and  the  cold  at 
least  13°C. 

The  temperature  sensations  initiated  by  touching  the  gastric 
mucosa  directly  with  hot  or  cold  solids  cannot  come  from  the 
stimulation  of  the  esophageal  mucosa.  The  latent  period  is  too 
short  to  allow  temperature  conduction  to  the  skin  of  the  abdo- 
men. But  since  it  is  possible  that  the  cardia  and  the  lower  end 
of  the  esophagus  of  Mr.  V.  are  patent,  water  injected  throi^jh  the 
fistuia'may  reach  the  lower  end  of  the  esophagus.  This  possi- 
bility was  guarded  against  in  a  second  series  of  experiments, 
where  we  introduced  the  hot  and  cold  water  into  a  very  delicate 
rubber  balloon  (condom)  previously  introduced  into  the 
stomach.  The  hot  and  cold  water  was  correctly  recognized  as 
hot  or  cold,  just  as  in  the  test  with  the  water  touching  the  mucosa 
directly,  the  only  difference  being  a  somewhat  longer  latent 
period.  It  is  clear  from  the  above  that  the  gastric  mucosa  of 
Mr,  V.  is  endowed  with  protopathic  temperature  sense. 

A  third  series  of  experiments  were  carried  out  on  ourselves. 
Three  rubber  tubes  of  suitable  size  were  placed  one  inside  the 
other  so  as  to  have  three  walls  of  rubber  and  two  air  spaces  be- 
tween the  liquid  in  the  inside  tube  and  the  esophageal  mucosa, 
for  the  purpose  of  retarding  heat  conduction.  The  inside  tube 
had  a  diameter  of  3  mm.    The  subject  was  blindfolded  and 
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50  cc.  of  water  at  50°C.  was  injected  into  the  stomach.  A  heat 
sensat'on  was  noted  about  ten  to  fifteen  seconds  after  the  in- 
jection, and  about  60  seconds  before  enough  conduction  had 
taken  place  to  cause  the  tube  to  feel  warm  in  the  mouth  and 
throat.  When  the  same  amount  of  water  at  lO^C.  was  injected, 
a  quite  definite  cold  sensation  was  felt  from  five  to  ten  seconds 
afta-  the  injection  had  commenced  and  about  60  seconds  before 
the  tube  began  to  feel  cold  to  the  fingers  or  to  the  throat. 

Both  of  us  experienced  .heat  and  cold  sensations  and  never 
made  the  mistake  of  confusing  the  heat  sensation  with  the  cold 
sensation.  Confinning  Neumann  and  others,  we  found  the  cold 
sensation  to  be  more  distinct  and  better  localized  than  the  heat 
sensation. 

This  certainly  does  not  seem  to  indicate  that  the  stomach 
mucosa  is  devoid  of  temperature  sensations,  nor  that  this  sensa- 
tion is  projected  from  the  esophagus,  as  has  been  si^gested  by  a 
number  of  investigators.  However,  there  is  a  possibility  that 
some  of  the  water  might  reach  the  wall  of  the  lower  end  of  the 
esophagus  by  being  forced  up  along  the  tube.  In  view  of  the . 
small  amount  of  water  necessary  to  evoke  the  heat  and  cold  sen- 
sation and  in  view  of  the  short  latent  period  mentioned  above, 
this  seems  very  unlikely. 

To  make  sure  that  the  sensation  did  not  arise  as  a  result  of 
stimulation  of  the  esophi^us,  as  well  as  to  prove  that  the  sen- 
sation is  not  due  to  conduction  through  to  the  skin  of  the  abdo- 
men, or  to  reflex  vascular  changes  in  the  skin  of  the  abdomen,  a 
fourth  series  of  experiments  was  performed.  For  these  experi- 
ments an  India  rubber  tube  1  cm.  in  diameter  was  used.  Inside 
this  large  tube  we  placed  two  smaJler  tubes  side  by  side;  one  of 
these  was  5  mm.  in  diameter  and  the  other  was  3  mm.  The 
smaller  of  these  two  tubes  was  not  pulled  clear  through  the 
outside  tube,  but  only  so  far  that  its  lower  end  was  about  an 
inch  above  the  loWer  end  of  the  outside  tube.  The  5  mm.  tube 
was  pulled  through  the  outside  tube  so  that  it  extended  about 
10  cm.  below  the  lower  end  of  it.  A  small  glass  tube  5  mm. 
long  was  now  forced  up  into  this  longer  tube  as  far  as  to  the  lower 
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end  of  the  outside  tube.  The  lower  end  of  the  outside  tube  was 
then  tied  seo^ely  about  the  longest  tube  at  this  point.  This 
apparatus  was  now  swallowed  far  enough  down,  so  that  the  lower 
end  of  the  outside  tube  reached  just  through  the  cardiac  orifice. 
The  longest  tube,  the  end  of  which  of  course  was  open,  therefore 
extended  far  down  into  the  stomach.  The  ranallest  tube,  whose 
lower  end  was  within  an  inch  of  where  the  outside  tube  was 
tied,  that  is,  within  2-3  cm.  of  the  cardiac,  was  now  connected 
with,  a  pressiu^  bottle.  It  had  previously  been  foimd  that  hot 
water  in  pasang  through  a  glass  tubing  and  connections  of  the 
pressiu^  bottle  lost  approximately  8°C.,  and  that  water  placed 
in  the  bottle  at  10°  was  raised  to  12°C.  in  paEsing  through. 
Water  at  58'*C.  (1)  was  How  placed  in  the  pressure  bottle  and  per- 
mitted to  flow  down  through  the  smallest  inside  tube.  It, 
natiurally,  was  forced  up  again  between  and  around  the  two 
inside  tubes.  By  so  doing  the  heat  was  conducted  through  the 
wall  of  the  outside  tube  and  stimulated  the  heat  nexve  endings 
in  the  esophagus,  so  that  a  definite  heat  sensation  vraa  felt  along 
its  whole  course,  as  well  as  in  the  mouth  and  pharynx.  The 
striking  feature  about  this,  however,  was  that,  although  the 
walls  of  the  lower  end  of  the  outside  tube  naturally  became  hot 
before  those  of  the  upper,  the  heat  sensation  was  first  felt  in  the 
mouth  and  throat  and  then  gradually  travelled  down  the  whole 
length  of  the  esophagus.  At  all  times,  however,  the  heat  sensa- 
tion was  more  intense  in  the  throat  and  the  upper  part  of  the 
esophagus  than  in  its  lower  end.  While  the  walls  of  the  esophagus 
were.thus  being  stimulated,  50  cc.  of  water  at  50°-55*'C.  was  in- 
jected into  the  stomach  throi^  the  longest  inside  tube  which 
opened  into  the  stomach  and,  after  a  latent  period  of  about  ten 
seconds,  a  spreading  heat  sensation  was  felt  lower  down  than  that 
resulting  from  the  stimulation  of  the  esophagus.  The  sensa- 
tion also  seemed  better  loc^zed  than  that  from  the  esophagus 
so  that  it  was  not  very  difiicidt  to  keep  the  two  sensations  apart 
In  consciousness.  The  reason  for  the  better  locahzation  might, 
of  course,  be  due  to  the  fact  that  more  nerve  endings  were  stimu- 
lated in  the  stomach  mucosa,  as  the  water  oame  into  direct  con- 
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tact  with  it  than  was  the  case  in  the  esophagus,  where  probably 
the  rubber  tube  did  not  come  into  contact  with  the  mucosa  at 
all  points. 

When  water  at  10°  was  placed  in  the  pressure  bottle — the 
■  outside  tube  stimiUating  the  esophagus  thus  being  irrigated  by 
water  at  12° — and  50  cc.  of  water  at  12°  was  injected  into  the 
stomach,  a  quite  distinct,  spreading,  cold  sensation  was  felt 
lower  than  that  resulting  from  the  stimulation  of  the  esophagus. 
There  was  no  diffieiilty  in  recognizing  two  separate  and  distinct 
cold  sensations,  one  coming  from  the  esophagus  and  one  from 
the  stomach. 

While  the  esophagus  was  being  stimulated  by  water  at  12°C. 
in  this  tube  system,  a  water  bottle  which  was  filled  with  water  at 
12°C.  was  placed  on  the  skin  of  the  abdomen.  The  two  cold 
sensations  resulting  could  easily  be  kept  apart  in  consciousness. 
50  cc.  of  water  at  the  same  temperature  was  then  injected  into 
the  stomach  and  a  third  distinct,  spreading,  cold  sensation  was 
felt  in  the  stomach.  This  experiment  was  repeated  several  times 
with  hot  and  cold  water  as  indicated  above  and  with  the  same 
results. 

If  the  temperature  sensation  felt,  upon  stimulating  the  stomach 
mucosa,  is  due  to  conduction  through  to  the  skin  of  the  abdomen, 
or  to  reflex  vascular  changes  in  the  skin  of  the  abdomen,  or  is 
projected  from  the  esophagus,  how  is  it  possible  that  one  can 
distii^^sh  in  consciousness  the  sensations  coming  from  the 
esophagus,  the  stomach,  and  the  skin,  at  the  same  time,  when 
each  is  being  stimulated  by  water  at  the  same  temperature,  as 
shown  above? 

To  make  sure  that  the  sensation  w^  not  due  to  conduction 
through  to  the  skin  of  the  abdomen,  the  bulb  of  a  thermometer 
was  pressed  close  to  the  skin  over  the  stomach  Mid  covered  with 
absorbent  cotton.  After  it  had  become  stable,  200  cc.  of  water 
at  10°  was  injected  into  the  stomach  and  the  mercury  in  the 
thermometer  watched  for  a  period  of  five  minutes.  This  was 
repeated  several  times.  In  each  case,  after  a  latent  period  of  five 
minutes,  the  mercxuy  had  fallen  only  a  small  fraction  of  a  degree. 
It  is  therefore  evident  that  the  cold  sensation  which  one  feels 
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after  a  latent  period  of  from  five  to  ten  seconds,  after  the  in- 
jection of  20  cc.  of  cold  water  into  the  stomach,  is  not  due  to 
conduction  through  the  abdominal  wall  and  stimulation  of  the 
nerve  endings  in  the  skin. 

We  f^ee  with  Hertz  that  when  one  swallows  a  mouthful  of 
ice  water,  the  most  intense  cold  sensation  seems  to  come  from  the 
lower  end  of  the  esophagus,  and  that  this  is  undoubtedly  due  to 
the  fact  that  the  water  accumulates  there  and  is  detained  for  a 
shorter  or  longer  period  before  the  cardiac  orifice  opens  so  that  it 
can  flow  into  the  stomach.  He  further  states  that  the  cold 
sensation  disappears  after  the  water  has  entered  the  stomach. 
This  we  cannot  corroborate.  We  invariably  feel  a  vague  spread- 
ing cold  sensation  after  the  water  has  entered  the  stomach,  but 
'which  disappears  after  a  few  seconds.  Even  if  it  were  the  case 
that  no  cold  sensation  could  he  felt  after  the  water  had  passed 
into  the  stomach,  this  could  not  prove  that  the  stomach  mucosa 
is  devoid  of  heat  and  cold  nerve  endings.  In  the  first  place,  a 
mouthful  of  cold  water  in  passing  down  into  the  stomach,  is 
warmed  sufificiently  to  raise  its  temperature  several  degrees. 
On  this  account  the  nerve  endings  in  the  mucosa  of  the  stomach 
are  not  stimulated  as  intensely  as  are  those  in  the  esophagus. 
The  empty  stomach  contains  10-50  cc.  of  fluid  at  38''C.  which 
rapidly  mixes  with  and  thus  raises  the  temperature  of  the  swal- 
lowed water.  It  is  also  well  known  that  stronger  impulses, 
reaching  the  central  nervous  system  from  one  part,  tend  to  sup- 
press in  consciousness  weaker  impulses  of  the  same  nature, 
reaching  it  from  some  other  part,  so  that  it  is  difficult  to  separate 
the  two  sensations  in  consciousness. 

From  our  experiments  we  conclude: 

(a)  The  stomach  mucosa  is  endowed  with  heat  and  cold  nerve 
endings. 

(b)  These  fibers  are,  as  Head  suggests,  of  the  protopathic  type. 

(c)  They  are  more  abundant,  or  more  readily  stimulated  in 
the  throat  and  the  esophagus  than  in  the  stomach. 
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III.   THE   GASTRIC   COMPONENT  OF  THE   SENSATION   OF   APPETITE 

New  facts  touching  the  relation  of  the  sensations  of  hunger 
and  appetite,  and  particularly  the  peripheral  sensory  apparatus 
for  hunger,  have  been  reported  from  this  laboratory  in  a  previous 
paper  (2).  It  was  shown  that  the  hunger  sensation  cannot  be 
produced  by  any  kind  of  stimulation  of  the  nerve  endings  in  the 
gastric  mucosa.  In  the  normal  empty  stconach  the  hui^er  sen- 
sation is  initiated  by  strong  contractions  of  the  stomach  wall, 
and  by  these  contractions  only.  It  was  shown  that  these  con- 
tractions, no  matter  how  they  are  initiated,  give  rise  to  the  char- 
acteristic sensations  of  hunger  pangs.  It  was  therefore  con- 
cluded that  the  gastric  sensory  apparatus  for  the  hxmger  sense 
lies  in  the  muscular  coats  or  in  the  connective  tissue,  but  not  in 
the  mucosa.  The  hunger  sense  is  a  complex  of  kinestetic  sensa- 
tion (tension)  and  pain.  Continued  investigations  on  Mr.  V., 
on  ourselves,  and  on  a  number  of  other  peraons  here  in  our  lab- 
oratory have  served  to  confinn  the  above  conclusion.  When  en 
individual  can  clearly  recognize  the  pangs  of  hunger  he  also  recog- 
nizes (in  suitable  experiments)  that  these  sensations  are  not  in- 
duced by  stimulation  of  the  gastric  mucosa. 

Pawlow  (15)  concludes  that  "the  tactile  sensation  of  the 
stomach  at  the  moment  of  entry  of  food  is  capable  of  awakening 
or  increasing  appetite"  (p.  91).  In  the  experiments  cited  by 
Pawlow  in  support  of  this  conclusion  the  stimulation  of  the 
nerve  endings  in  the  mouth  and  in  the  esoplu^us  was  not  ex- 
cluded. However,  the  theory  that  stimulation  of  the  normal 
gastric  mucosa  contributes  to  the  sensation  of  appetite  is  clearly 
established  by  the  experiments  reported  below. 

One  of  us  (A.  J.  C.)  workup  on  himself  soon  recognized  that 
stimulation  of  the  nerve  endings  in  the  gastric  mucosa  modified 
the  flow  of  consciousness,  although  this  modification  did  not  con- 
sist in  the  sensation  of  hunger.  This  can  readily  be  experi- 
enced by  anyone  who  is  sufliciently  interested  to  try,  by  intro- 
ducing moderately  cold  water,  beer,  wine,  weak  acids  (0.5  per 
cent)  or  weak  alcohol  through  a  tube  into  the  stomach  so  as  to 
avoid  stimulation  of  nerve  endings  in  the  mouth  and  esophagus. 
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The  sensation  produced  by  these  substances  in  the  stomach  is 
rather  tranatory,  but  may  persist  for  Several  minutes.  With 
the  exception  of  cold  water  which  is  also  felt  as  cold,  these  vari- 
ous substances  give  rise  to  a  characteristic  sensation  which 
fuses  with,  or  cannot  be  distinguished  from  appetite.  It  is  hke 
the  sensation  of  increased  appetite  experienced  by  most  people 
at  the  be^nning  of  a  meal  after  eating  a  few  moi^els  of  palata- 
ble food.  The  sensation  is  pleasant,  and  invariably  turns  the 
attention  towards  food  and  eatii^. 

We  are  acctistomed  to  tl^nk  that  the  above  substances  affect 
consciousness  solely  through  stimulation  of  nerve  endings  in  the 
mouth.  Tias  view  is  no  longer  tenable.  By  introducing  these 
substances  through  the  stomach  tube  at  the  height  of  a  gastric 
hunger  contraction  one  actually  experiences  a  succeaawe  contrast 
of  tke  sensaiums  of  hunger  and  appetite,  as  these  substances  tem- 
porarily inhibit  the  hui^r  contractions  in  stimulating  the 
gastric  mucosa.  This  method  was  dranonstrated  before  the' 
Federation  of  American  Biolc^cal  Societies  in  December  last 
year  (12).  llie  experiment  has  been  repeated  a  number  of  times 
on  the  junior  author.  From  the  first  it  was  clear  that,  when 
beer,  cold  or  hot  water,  were  introduced  into  the  stomach  during 
a  vigorous  himger  contraction,  the  sensation  resulting  was  the 
exact  opposite  of  that  caused  by  the  hunger  contraction.  In 
place  of  an  unpleasant,  tense  sensation,  associated  with  rest- 
lessness, the  sensation  caused  by  these  different  stimuli  is  one 
of  relief.  A  pleasant  tingling  sensation  is  felt  in  the  stomach. 
One  feels  perfectly  at  ease,  but  the  thoi^ts  tend  to  revert  to  the 
dinner  table.  At  first  he  was  not  able  to  say  just  what  this  sen- 
sation was  like,  although  it  was  a  familiar  one.  After  paying 
close  attention  to  the  sensation  experienced  at  meals  just  after 
a  few  mouthfuls  of  good  food  or  drink  have  been  swallowed,  he 
became  convinced  that  the  two  sensations  are  very  much  alike 
if  not  identical. 

How  do  we  know  that  the  sensaticMi  temporarily  produced  by 
the  above  substances  in  the  stomach  is  directly  due  to  stimula- 
tion of  nerve  endings  in  the  gastric  mucosa?  It  has  already 
been  shown  that  the  introduction  of  these  substances  in  the 
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stomach  temporarily  inhibit  the  gEistric  tonus  and  the  gastric 
hunger  contractions  (l3).  May  not  the  sensation  be  one  of 
negative  character,  so  to  speak,  that  is,  diminution  or  absence 
of  hunger?  We  are  in  position  to  answer  this  question  definitely 
in  the  negative.'  In  the  first  place,  the  sudden  and  spontaneous 
relaxation  of  the  stomach  at  the  end  of  a  period  of  gastric  hunger 
contractions  is  accompanied  by  a  characteristic  sense  of  relief 
and  disappearance  of  a  certain  tension  or  unpleasant  mental  stress, 
but  this  sensation  complex  has  not  the  po^tive  character  that 
directs  attention  to  food  and  eating.  It  is  essentially  relief  from 
pain.  Secondly,  putting  these  substances  directly  into  the  stom- 
ach which  is  quiescent  and  very  greatly  relaxed,  still  inaugurates 
this  temporary  appetite  or  appetite-like  sensation.  Hence  we 
conclude  that  it  is  directly  induced  by  stimulation  of  certain 
nerve  endings  in  the  gastric  mucosa  itself.  Of  course.  If  the 
nerve  endii^  in  the  gastric  mucosa  are  thus  stimulated  at  the 
time  the  muscularis  is  in  strong  tonus  and  htii^er  contractions, 
the  appetite-like  sensation  is  fused  with  that  of  relief  from  the 
pangs  of  hui^er. 

It  is  significant  that  normal  human  gastric  juice  having  full 
acid  strength  (0.45-0.50  per  cent  free  HCl)  is  capable  of  in- 
ducing this  sensation  from  the  stomach.  This  has  been  veri- 
fied repeatedly  on  one  of  us  (A.  J.  C.)  by  introducing  50  cc.  of 
appetite  gastric  juice  of  Mr.  V.  through  the  stomach  tube. 
Gastric  juice  of  weaker  acidity  (0.20  per  cent)  does  not  have  this 
effect.  As  this  full  strength  gastric  juice  is  rapidly  secreted  into 
the  stomach  at  the  beginning  of  eating,  it  is  probably  a  factor  in 
the' augmentation  of  appetite  by  the  very  act  of  eating.  It  may 
be  pointed  out  that  the  above  facts  permit  us  to  see  a  suggestion 
of  truth  in  Beaumont's  theory  that  turgescence  of  the  gastric 
glands  is  the  cause  of  hunger.  In  the  first  place,  Beaumont, 
in  conunon  with  most  physiologists,  did  not  clearly  distinguish 
between  hunger  and  appetite  but  used  the  two  terms  inter- 
changably.  If  we,  then,  substitute  appetite  for  hunger,  we  see 
that  with  the  stomach  normal  the  appetite  sensation  may  be  actu- 
ally initiated  or  augmented  by  gastric  juice,  not  through  me- 
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cbanical  pressure  of  the  juice  in  the  ducts,  but  by  acid  stimulation 
of  nerve  endings  in  the  gastric  mucosa. 

It  need  scarcely  be  pointed  out  that  when  foods  or  liquids 
are  taken  into  the  mouth  and  swallowed  in  the  normal  way  their 
main  influence  on  appetite  is  via  nerve  endings  in  the  mouth. 
In  fact,  the  latter  is  so  predominant  that  only  by  excluding  it 
are  we  able  to  clearly  distinguish  the  gastric  factor.  The  memory 
factor  in  appetite  is  therefore  preeminently  gustatory  and  ol- 
factory. 

We  have  as  yet  no  device  for  recording  objectively  the  quality 
of  a  seneation.  In  the  preceding  pages  we  have  detailed  certain 
conditions  under  which  certain  sensations  are  produced.  We 
have  called  these  sesisations  hxmger  and  appetite,  respectively, 
in  accordance  with  our  best  efforts  of  subjective  analysis.  The 
experimental  conditions  are  so  simple  that  any  biologist  with  a 
little  perseverance  can  duplicate  them.  We  believe  they  will 
verify  our  conclusions  that 

1.  Hunger  and  appetite  are  quabtatively  different  sensations. 

2.  The  sensory  apparatus  for  hunger  is  distributed  in  the 
stomach  wall  and  is  stimulated  by  a  certain  type  of  contractions 
of  the  «npty  stomach. 

3.  The  gastric  mucosa  is  endowed  with  a  protopathic  appetite 
sensibility. 

IV.  THE   SENSATION   OF   FULNESS 

All  who  have  studied  the  origin  of  the  sensation  of  fulness 
seem  to  agree  that  it  does  not  originate  in  the  mucosa  of  the 
stomach,  and  our  own  results  agree  with  this  view.  The  lit- 
eratxu^  is  extensively  reviewed  by  Hertz  (1). 

Hertz  and  his  co-workers  infi&ted  the  stomach  of  two  healthy 
men  with  air  through  a  tube  connected  with  a  manometer.  They 
found  that  a  "sensation  of  fulness  or  tightness  in  the  upper  part 
of  the  abdomen  associated  with  a  desire  to  eructate,  was  felt  as 
soon  as  the  intragastric  pressure  reached  respectively  12  and  14 
mm.  of  mercury  in  the  two  eases.  The  pressure  fell  after  20 
seconds  by  approximately  2  mm.,  owing  apparently  to  relaxa- 
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tion  of  the  tone  of  the  stomach,  and  simultaneously  the  aensation 
of  fulness  disappeared.  Now  on  slowly  injecting  more  air,  the 
pressure  gradually  arose  to  its  original  height  and  the  sensation 
reappeared;  it  again  disappeared  after  20  seconds,  the  pres- 
sure simultaneously  falling  2  mm.,  after  which  it  remained 
constant.  Exactly  the  same  rise  in  pressure  and  the  same  sen- 
sation of  fulness,  followed  by  A  fall  in  pressure  and  a  disappearance 
of  the  sensation,  were  produced  four  times  in  succession  by  in- 
jecting air,  none  being  allowed  to  escape  in  the  interval.  These 
observations  proved  that  the  tension  exerted  from  within  on 
the  circular  muscle  fibers  of  the  stomach  is  the  cause  of  the 
sensation  of  fulness." 

That  this  is  the  main  source  of  its  origin  seems  quite  clear. 
There  is  a  possibility  that  the  stretching  of  the  abdominal 
muscles  as  well  as  the  pressure  on  other  structures  in  the  abdom- 
inal cavity  contribute  to  the  s^isation  of  fulness.  As  a  proof 
that  this  element  has  little  if  any  significance  in  giving  rise  to  the 
sensation,  Hertz  related  experiments  on  persons  wltii  atonic 
stomachs.  When  six  grams  each  of  sodium  bicarbonate  and  tar- 
taric acid  are  swallowed  separately  1700  cc.  of  carbon  dioxide 
are  given  o£F  under  atmospheric  pressure  at  body  temperature. 
This  invariably  causes  an  unpleasant  and  sometimes  painful 
sensation  of  fulness  in  normal  individuals  while  in  persons  with 
atonic  stomachs  it  does  not  cause  any  sensation  of  fiUness.  Hertz 
therefore  concludes  that  "the  sensation  of  fulness  in  the  stomach 
is  due  to  tension  on  its  muscular  coat,  and  depends  very  Uttle 
and  only  in.  extreme  cases  on  the  stretching  of  the  abdominal 
wall." 

To  these  observations  of  Hertz  we  can  add  our  negative  find- 
ii^  in  regard  to  the  gastric  mucosa  as  a  contributing  factor. 
Chemical  or  mechanical  stimidation  of  the  mucosa  (whether 
the  stomach  is  in  strong  or  in  feeble  tonus)  never  produces  a 
sensation  similar  to  that  of  fulness.  At  the  same  time,  it  must 
be  noted  that  mere  tension  on  the  muscular  coats,  that  is,  intra- 
gastric pressure,  will  not  under  all  conditions  give  rise  to  the 
sensation.  The  degree  of  intragastric  pressiu-e  required  to 
cause  a  feeling  of  fulness  according  to  Hertz,  is  frequently  rac- 
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ceeded  at  the  height  of  a  period  of  hunger  contractions  of  the 
empty  stomach,  when  a  distended  balloon  is  in  the  stomach; 
yet,  the  sensation  referred  to  the  epigastrium  in  these  conditions 
is  that  of  emptiness,  not  fulness.  It  is  therefore  clear  that  a 
certain  amouni  of  tomia  relaxaiion  of  the  stomach  must  he  -present 
before  tetmon  or  pressure  on  the  walls  of  the  stomach  produce  the 
sensation  of  fulness. 

V.   raE   EFFECT  OF  STIMULATING  THE    GASTRIC    MUCOSA    IN   MAN 

ON  THE  VASO-MOTOB  CENTER  AND   THE   REFLEX   EXCITA- 

BILITT   OF  THE   SPINAL  CORD 

Effect  on  the  Vaso-^motor  Center 

Two  series  of  experiments  were  performed  (on  L.  H.  B.),  the 
first  series  with  the  subject  awake  and  the  second  during  sleep. 
The  same  method  of  experimentation  was  followed  as  that  used 
by  one  of  us  in  the  experimentation  on  Mr.  V.  to  determine 
the  effect  of  the  hunger  contractions  on  the  activity  of  the  vaso- 
motor center  (13).  The  man  experimented  on  was  blindfolded 
and  endeavored  to  rdax  as  completely  as  possib  e. 

In  the  first  series,  when  relaxation  was  most  compete,  the 
same  rhythm  of  the  vaso-motor  tone  wm  noted  synchronously 
with  the  strong  hunger  contractions  as  were  observed  on  Mr.  V., 
namely,  an  increase  in  the  size  of  the  arm  during  the  strong 
gastric  contraction.  It  was  rather  difficult,  however,  to  become 
so  completely  relaxed  that  this  phenomena  could  be  seen. 

When  cold  or  hot  water  was  introduced  into  the  stomach 
through  the  tubes  in  quantities  of  50-100  cc.  at  a  time  there  was 
nearly  always  a  shrinking  of  the  arm,  that  is,  vaso-constriction 
(fig.  1).  Water  at  body  temperatiire  did  not  seem  to  affect  the 
tonus  of  the  vaso-motor  center.  Water  at  10°C.  caused  less 
vaso-constriction  than  water  at  55°C. 

In  order  to  ascertain  whether  this  reflex  was  due  to  the  in- 
fluence on  the  vaso-motor  center  by  conscious  processes,  similar 
experiments  were  performed  while  the  subject  was  asleep.  It  is 
not  an  easy  matter  to  go  to  sleep  with  a  plet^ysmograph  on  one 
arm  and  two  rubber  tubes  in  one's  throat  and  esophagus.    But, 
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after  a  walk  of  about  twenty  miles  followed  by  a  long  swim,  it 
was  possible.  The  same  rhythmic  variation  in  the  vaso-motor 
tone  was  now  observed  as  was  seen  while  awake  but  perfectly 
relaxed.  There  was  a  gradual  increase  in  the  size  of  the  arm 
as  the  tonus  of  the  stomach  increased.  This  increase  or  vaso- 
dilation was  greatest  when  the  stomach  contraction  was  at  its 
highest  and  the  size  of  the  arm  decreased  as  the  stomach  re- 
laxed. From  this  it  seems  evident  that  this  activity  of  the 
vaso-motor  center  is  not  due  to  conscious  processes. 

Moderately  hot  or  moderately  cold  water  in  the  stoiuach  did 
not  seem  to  affect  the  activity  of  the  vaso-motor  center  during 


Fig.  1.  Upper  tracing  from  the  empty  stomach  of  L.  H.  B.;  lower  tracinR 
from  arm  plethysmograph.  X,  introduction  of  100  ce.  water  at  50°C.  through 
double  stomach  tube  into  stomach;  x',  introduction  of  100  cc.  water  at  6°C.  in 
the  same  way  into  the  stomach.  Showing  reflex  vaso-conslriction  from  tempera- 
ture stimulation  of  the  gastric  mucosa. 

sleep.  Very  cold  water  either  did  not  have  any  marked  effect, 
or  else  the  stimulation  was  sufficient  to  awake  the  subject. 
Warm  water  did  not  cause  a  marked  vaso-constriction  unless  the 
subject  woke  up  as  a  result  of  the  injection.  The  marked  vaso- 
constriction observed  when  the  stomach  mucosa  is  stimidated 
with  very  cold  or  very  warm  water  therefore  seems  to  be  due 
mainly  to  the  effect  of  conscious  processes  on  the  vaso-motor 
center. 
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Effect  on  the  Reflex  Excitability  of  the  Spinal  Cord 

The  hunger  contractions  of  the  empty  stomach  cause  an  in- 
crease reflex  excitability  of  the  cord  (13).  Similar  effects  are 
obtained  on  stimulation  of  the  nerve  endings  in  the  gastric 
mucosa.  Hot  or  cold  water  introduced  directly  into  the  stomach 
by  the  tube  so  as  not  to  stimulate  the  mouth  and  esophagus 
cause  a  temporary  augmentation  of  the  Itnee  jerk  (fig.  2).  The 
increase  caused  by  the  hot  water  (50°C.)  is  a  trifle  greater  than 
that  caused  by  the  cold  water.  Practically  the  same  results 
were  obtained  on  both  of  us.  No  attempt  was  made  to  study 
the  influence  on  the  knee  jerk  of  stimulation  of  the  gastric  mucosa 
durir^  sleep. 


Fig.  2.  Record  of  knee  jerk  of  A.  J.  C.  a,  50  ce.  water  at  90°C.  introduced 
into  stomach  through  double  tube;  b,  SO  cc.  water  at  5°C.  into  atomHch.  Show- 
ing augmentation  of  reflex  excitability  of  spinal  cord  from  temperature  stimula- 
tion of  the  gastric  mucosa. 


1.  The  normal  gastric  mucosa  is  devoid  of  pain  and  tactile 
sensibility,  but  protopathic  temperature  sensibiUty  is  present. 

2.  Chemical  (and  possibly  mechanical)  stimulation  of  nerve 
endii^s  in  the  normal  gastric  mucosa  gives  rise  to  a  sensation 
identical  with  appetite.    The  stomach  mucosa  may  be  said  to  be 

.  provided  with  a  protopathic  appetite  sense. 

3.  The  stimulation  of  the  gastric  mucosa  does  not  contribute 
to  the  sensations  of  hunger  and  of  fulness. 

4.  Stimulation  of  the  gastric  mucosa  increases  the  reflex  ex- 
citability of  the  spinal  cord,  and  induces  changes  in  vaso-motoi- 
tonus.  The  latter  appears  to  be  dependent  on  conscious  cere- 
bral processes  induced  by  the  gastric  stimulation. 
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II.  Variations  Under  Strtchnine 
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In  previous  papers'  I  have  described  the  procedure  by  which 
the  Martin  method  of  measurii^  Faradic  stimuli  has  been  ap- 
plied to  a  study  of  the  variations  in  reflex  irritability  in  the 
spinal  cat.  The  fluctuations  in  threshold  reported  as  occurring 
in  asphyxia  were  large,  the  rise  in  threshold  on  withdrawing  air 
amounting  usually  to  more  than  600  units  from  an  initial  thresh- 
old of  about  5  units.  The  method  permits  equally  well  and  with 
great  accuracy  the  detection  of  changes  of  much  less  magnitude, 
down  to  a  few  hundredths  of  a  unit  in  a  good  spinal  preparation. 
On  this  account  it  was  thoi^ht  feasible  to  attempt  the  study  of 
influences  which  would  be  expected  to  lower  the  threshold  instead 
of  raising  it,  although  the  changes  on  a  refl^  of  low  threshold 
would  necessarily  be  small.  The  flexion  reflex  was  used  as  in 
previous  studies  and  was  elicited  by  stimulation  of  the  central 
end  of  the  cut  tibial  nerve.  In  most  experiments  I  have  also 
followed  the  alterations  in  threshold  of  the  crossed  extension 
reflex  and  of  reflex  extension  of  the  fore-limb.  These  two  reflexes 
were  elicited  by  single  break  shocks  to  the  same  nerve  which  gave 
flexion,  namely,  the  tibial.  As  a  control  the  irritability  of  a  nerve 
muscle  preparation  on  the  fore-limb  was  determined  at  frequent 
intervals  during  some  of  the  earlier  experiments.  The  movement 
here  was  extension  at  the  wrist,  caused  by  stimulation  of  the 
peripheral  end  of  a  branch  of  the  radial  nerve.  The  experi- 
mental procedures  adopted  were  nevCT  foimd  to  affect  the  thresh- 
old of  this  nerve-muscle  preparation  and  in  the  later  experiments 

'  E.  L.  Porter:  This  Joumftl,  1912,  xxzi,  p.  141,  sad  1913,  xxxi,  p.  223. 
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of  the  series  its  threshold  was  no  longer  followed.  In'all  meas- 
tirements  on  the  fiexion  reflex  the  smallest  detectable  record  of 
movement  on  the  drum  was  taken  to  mdieate  that  the  threshold 
had  been  reached.  When  crossed  extension  and  extension  of  the 
fore-limb  appeared  the  movement,  if  any,  was  always  compara- 
tively large,  hence  to  determine  when  the  threshold  had  been 
reached  they  were  observed  directly  without  record  on  the  drum. 
A  0.1  per  cent  solution  of  strychnine  sulphate  was  the  "excitant" 
used  and  the  injections  (generally  0.1  or  0.2  mgm.  strychnine) 
were  made  into  the  jugular  vein  at  intervalB  of  from  2  to  10 
minutes  until  the  animal  exhibited  violent  convulsions.  It  was 
never  found  possible  to  obtain  reflex  extension  o£  the  fore-limb 
before  strychnine  was  given,  although  stimuli  as  high  as  780 
Z  units  have  been  applied  in  some  cases.  Crossed-extension  was 
readily  elicitable  but  its  threshold  in  the  undrugged  animal, 
although  fairly  constant  in  any  given  case,  varied  widely  in  dif- 
ferent preparations,  runnii^  from  a  threshold  approximately 
twice  that  for  flexion  to  one  a  hundred  times  as  high.' 

The  literature  describes  the  action  of  strychnine  as  that  of  an 
excitant  to  the  central  nervoiw  system.  "The  alkaloids  of  the 
strychnine  group  have  a  powerful  stimulant  action  on  the  cen- 
tral nervous  system,  especially  on  the  spinal  cord."*  "Die 
typische  Wirkui^;  aller  dieser  Alkaloide  (strychnine  group) 
besteht  in  der  hochgradigen  Steigerung  der  Reflexerregbarkeit 

....  und  findet  ihren  Ausdnich  in  dem  Tetanus."  "Die 
Krampfanfalle  werden  ....  durch  die  kleinsten,  oft  gar 
nicht  mehr  nachweisbaren  Reize  hervorgerufen,  so  dass  sie 
scheinbar  ohne  alle  Veranlassung  eintreten."*  "Die  charac- 
teristische  Wirkung  des  Strychnins  sind  die  Steigerung  der 
Reflexerregbarkeit  und  die  Krampfanfalle,  welche  schliesslich 
zum  Tode  fiihren."*  Sollmann*  speaks  of  "increased  irritability" 
and  "increased  excitability"  in  describing  the  action  of  the  dxMg. 

'  Cf .  Exp.  of  Nov.  15,  Table  I,  p.  174  and  Ejcp.  o£  Dec.  6,  Table  II,  p.  177. 
'  Cushny:  Fhaimacology  and  therapeutics,  Philadelphia,  IQOl,  p.  190. 
'  Schmiedeberg:  Grundrias  der  Pharmakologie,  Leipzig,  1906,  pp.  108,  109. 
'  Magnus:  Article  "Strychnin"  in  the  Real-Encyclop&die  der  geaamten  Heil- 
kunde,  4th  edition,  Berlin,  1907  and  following. 

'Sollmann:  A  Text-book  of  pharmacology,  Philadelphia,  1908,  pp.  143  and  876. 
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Stonn  van  Leeuwen'  using  the  flexion  refiex  in  the  spinal  cat 
gave  repteated  stimuli  of  constant  strei^th  and  noted  the  in- 
creased height  of  contraction  following  stiychnine.  He  referred 
to  this  as  "Steigerung  der  Reflexerregbark^t."  Just  what  is 
meant  by  heightened  reflex  irritabihty  is  not  stated  so  definitdy 
by  other  authora.  They  obviously  intend  to  include  the  wide- 
spread and  conviilsive  reeponsee  following  strychnine  and  in 
addition  they  give  the  impression  that  impulses  which  in  the 
unpoisoned  animal  are  denied  entrance  to  the  cord  are  enabled 
after  exhibition  of  stoychnine  to  penetrate  and  produce  reflex 
effects. 

In  9  out  of  15  experiments  of  my  series  in  which  the  results 
were  clear-cut  the  expected  lowerii^  in  reflex  threshold  did 
occur.    Following  is  a  protocol  of  such  an  experiment. 

Experiment  of  November  IB,  IBIS 


— —- 

™«ou»™.™t. 

«■» 

Flodoa 

Ctd«m1 

ExtmdoDot 
fo>*-limb 

0.35 

2.4 

Inelicitable 

0.45 

6.2 

Inelicitabte 

l.OS 

2.5 

S.8 

IneUcitBble 

1.22 

Liquid  Femoved  from  eleotrodee 

1.23 

1.8 

6.8 

Inelicitable 

1.37 

O.I  mg.  strychniae 

1.40 

1.3 

3.4 

Inelicitable 

1.44 

1.2 

2.1 

Inelicitable 

1.47 

0.1  mg.  Btryohnise 

1.49 

Violent  convulsions 

1.51 

1.6 

2,3 

2.6 

2.03 

1.6 

2,5 

2.05 

0.1  mg.  stiychnine 

2.10 

1.5 

3.4 

2.12 

1.6 

1.6 

2.14 

1.4 

1.8 

2.ia 

2.2 

'  W.  Stonn  van  Leeuwen:  Archiv  ftlr  die  Eesammte  Phyaiologie,  1013,  dir, 
p.  307. 
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After  one  injection  of  strychnine  a  miniTniim  of  1.2  Z  units  was 
reached  from  an  initial  threshold  of  2.4  Z  units,  a  drop  of  50  per 
cent.  The  crossed  extenMon  reflex,  starting  with  a  threshold  of 
5.2  Z  units  reach  1.6  Z  units,  nearly  the  same  miniTniim  as  for 
flexion.  Reflex  movement  of  the  fore-limb  also  reached  1.6  Z 
unite.  The  entire  series  of  9  experiments  in  which  a  drop  in 
threehold  occurred  is  summarized  below. 


Summary  of  experimenli  in  uihiek  a  drop  tn  Ikrethold  of  the  fiexiov 
following  tntriiiisnoua  injeeiiont  of  tlrycknine.    TkretKolds  ori 


- 

„ 

urux 

i 

March 

17,  1013 

Flexion 

3.2 

2.3 

2.9 

28 

March 

18,  1913 

Rexion 

5.3 

4.4 

6.1 

17 

June 

6,  1913 

Flexiou 

6.1 

4.1 

6.6 

20 

June 

28,  1913 

Flraicm 

3.3 

2.3 

2.4 

30 

July 

8,  1913 

Flexion 

3.6 

1.6 

2.2 

5« 

2S.8 

1.8 

2.7 

64 

October 

26,  1913 

Flexion 

3.5 

1.9 

3.7 

46 

November  IS.  1913 

Flexion 

2.4 

1.2 

1.4 

50 

5.2 

1.6 

1.8 

60 

Fore-limb  exteniion 

1.6 

2.2 

Flexion 

2.6 

2.3 

4.0 

8 

4.5 

3.3 

8.4 

26 

5.4 

7.6 

Jsnu&rjr 

10,  19U 

Flexion 

4.1 

2.8 

3.4 

3t 

I9S.0 

3.0 

3.9 

98 

3,0 

6.2 

But  the  lowering  of  the  flexion  reflex  threshold  after  strych- 
nine quite  distinctly  failed  to  occur  in  the  remaining  6  of  the  15 
experiments.  In  the  following  protocol  (abridged  from  the 
original)  is  an  example  of  this  result. 

Following  the  injections  of  strychnine  the  threshold  never 
went  below  2.3  Z  units,  0.7  of  a  unit  above  the  initial  value, 
despite  the  continuance  of  injections  until  convulsions  occurred. 
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But  although  the  flexion  threehold  was  not  lowered  the  drug 
was  strongly  operative  on  the  thresholds  of  other  reflexes. 
Crossed-cxtension  was  lowered  from  an  initial  threshold  of  36 


ms 

ma 

FlenoD 

Ciamd 

Fore-limb  BtoodoD 

0.35 

1.6 

36.0 

IneUcitable 

1.04 

ElectrodeB  dried 

8.2 

Inelicit&ble 

1.14 

1.7 

5.8 

Inelicititble 

1.20 

2.1 

7.2 

Inelicitable 

1.26 

0.1  mg.  strychnine 

1.30 

2.3 

6.7 

Inelicitable 

1.34 

2.6 

Inelicitable 

1.3S 

O.l  mg.  strychnine 

1.36 

Vigorous  twitchings 

1.38 

2.6 

4.0 

Inelicitable 

1.46 

Electrodea  dried 

3.» 

Inelicitable 

1.47 

2.1 

5.0 

Inelicitable 

1.40 

0.1  mg.  strychnine 

1.60 
to 
1.63 

Violent  convulsions  at  inter- 

vala 

1.65 

3.0 

8.4 

1.69 

Convulsions 

18.5 

2.01 

Electrodes  dried 

2.03 

2.3 

7.3 

9.8 

2.21 

0.1  mg.  strychnine 

2.23 

2.2 

2.8 

4.3 

2.26 

0.2  mg.  strychnine 

2.26 

Violent  convulsions 

2.27 

2.2 

3.0 

2.32 

0.2  mg.  strychnine 

2.33 

2.2 

2.3 

2.6 

2.37 

0.2  mg.  strychnine 

2.40 

2.3 

2.4 

2.9 

2.45 

2.2 

2.6 

2.4 

Z  units  to  a  minimum  of  2.3  Z  units.  Extension  of  fore-limb, 
inelicitable  at  the  beginning  of  the  experiment,  was  finally  low- 
ered to  a  threshold  of  2.4  Z  units,  after  repeated  injections  of 
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strychnine  and  after  the  animal  had  been  exhibittng  convul- 
sions for  nearly  an  hour.  The  thresholds  oi  the  three  reflexes 
were  practically  identical  at  the  close  of  the  experiment,  flexion 
2.2,  crosaed-extension  2.5  and  extension  of  fore-limb  2.4.  Here 
obviously  the  "heightened  irritability"  was  not  due  to  the  greater 
ease  with  which  stimuli  entered  the  cord  but  to  the  greater  ease 
with  which  such  impulses  elicited  reflexes  not  normally  thrown 
into  activity  by  the  particular  group  of  sensory  neurons  stimu- 
lated. In  some  cases  the  thresholds  of  the  three  reflexes  be- 
came actually  identical  for  several  readings,  as  the  following 
protocol  shows.  Note  the  close  correspondence  of  readings 
taken  at  1.10,  1.17  and  1.20. 

Experiment  of  January  17,  1B14 


" 

«.™n- 

FluIgD 

0<— »d 

0.46 

1.8 

5.9 

InelicitsbU 

0.47 

1,9 

Ineiicitable 

0.48 

0.4  mg.  Btrychniiie 

0.48 

Violent  convulsions 

0.62 

1.9 

2.ft 

0.&6 

3.0 

0.59 

2.3 

2.6 

2.6 

1,02 

2.2 

l.Oi 

2.6 

2,5 

1.05 

0.4  mg.  strychnine 

1.10 

2.4 

2.4 

2.4 

1.17 

2.6 

2.6 

2.6 

1-20 

CS 

6.S 

6.5 

The  results  seem  to  prove  that  synaptic  resistancee  throughout 
the  cord  have  been  equalized.  That  this  proof  is  not  rigid  will 
be  indicated  later  (p.  182). 

A  summary  of  the  6  ei^qieriments  in  which  no  drop  in  reflex 
threshold  was  foimd  follows  (Table  II).  The  lowest  flexion 
threshold  reached  after  strychnine  is  seen  to  vary  from  0.1  to 
2  Z  units  above  the  threshold  in  the  undrugged  animal. 

A  difficulty  frequently  encoimtered  in  determining  thresholds 
was  the  short  circuiting  of  a  part  of  the  current  by  blood  or 
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lymph  collecting  between  the  electrodes.  This  necessitated  a 
stronger  current  than  was  the  case  after  the  liquid  had  been 
removed.  In  the  experiment  of  November  15  (p.  173)  this  was 
the  case.  At  1.22  liquid  was  removed  from  the  electrodes  and 
the  threshold  dropped  from  2.5  Z  tmits  to  1.8  Z  units.  Similarly 
in  the  protocol  of  November  30  (p.  175),  thethreshold  was  lowered 
at  1.14,  1.47,  and  2.03.     Conceivably,  then,  a  lowered  threshold 

TABLE  u 

Swnmary  of  experiment  in  which  no  drop  in  threshold  of  the  flexion  reflex  occurred 

following  intravenovi  injections  of  ttrychnine. 

Thretholdt  are  meaiured  in  Z  vniti 


June             7,  1913 

Flesion 

June          30, 1813 

Flexion 

November  30,  1913 

Flexion 

Croesedexte 

Fors-Umb  ei 

December    6,  1913 

Flexion 

Croaeed-exte 

Fore-limb  ex 

Juiuary       7,  1914 

Flexion 

Croased-exte 

Fore-limb  ex 

January      17,  1914 

Flexion 

Crooaed-extfl 

Foro-Iimb  ex 

t   \l 


following  strychnine  might  commonly  be  masked  by  the  presence 
of  liquid  between  the  electrodes.  This  has  been  shown  to  be 
improbable  in  an  experunent  in  which  hquid  was  prevented  from 
accumulatii^  on  the  nerve  by  a  small  pledget  of  cotton  between 
the  electrodes  and  in  contact  with  the  nerve.  Immediate  in- 
jections of  strychnine  were  followed  promptly  by  convulsions, 
but  the  threshold  after  strychnine  stood  1 . 0  Z  unit  above  its 
initial  vahie.    It  was  conceivable  that  the  cotton  had  dried  the 
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nerve  and  rendered  it  less  irritable.  The  cotton  was  therefore 
wet  with  saline  and  left  for  five  minutes.  It  was  then  removed, 
the  surface  of  the  nerve  dried,  and  the  threshold  again  deter- 
mined. It  was  still  0.2  Z  unit  higher  than  before  strychnine. 
The  experiment  was  perfonned  rapidly,  only  22  minutes  elapsing 
between  the  first  and  the  final  determinations.  The  conclusion 
se^ns  justified  that  thresholds  of  the  flexion  reflex  in  the  spinal 
cat  frequently  occur  which  cannot  be  lowered  by  strychnine. 

That  this  conclusion  holds  also  for  the  spinal  frog  is  indicated 
by  results  obtained  by  Elrii^ton.*  He  secured  reflex  contrac- 
tions of  the  gastrocnemius  muscle  by  stimulation  of  the  ninth 
dorsal  nerve  root  and  measured  the  threshold  before  and  after 
strychnine.  Hie  measurements  are  given  in  the  imits  of  the 
Krooecker  scale  and  the  strength  of  the  primary  current  is  not 
stated  so  that  his  results  and  my  own  are  not  comparable  directly ; 
percentage  changes,  however,  can  be  compared.  In  eight  out  of 
twenty  cases  he  found  either  no  change  in  threshold  after  strych- 
nine or  a  rise  vaiyii^  from  65  to  900  per  cent  of  the  initial  value. 
I  found  in  the  cat  in  six  out  of  fifteen  cases  a  rise  of  from  3  to  52 
per  cent  (Table  II).  In  twelve  cases  he  found  a  drop  of  from  17 
to  95  per  cent.  I  found  similarly  in  nine  cases  a  drop  of  from  8 
to  56  per  cent.  Percentage  alterations  were  thus  much  greater 
with  his  animals  than  witii  mine,  but  the  proportion  of  cases  in 
which  strychnine  failed  to  cause  lowering  was  the  sajne  as  I  found, 
UMnely  one  out  of  three.  Provided  he  used  a  primary  current 
of  the  same  strength  in  all  cases  his  animals  also  show  wider 
variations  in  nonnal  threshold,  that  is,  before  strychnine.  His 
values  for  initial  thresholds  vary  from  60  to  2000  units  on  the 
Kronecker  scale;  mine  from  1.4  to  5.3  Z  units,  Martin  caUbration 
(Tables  I  and  II).  Such  wide  variations  Eire  like  those  I  found 
for  the  crossed-extension  reflex,  namely,  4.5  to  300  Z  units  (Tables 
I  and  II).  This  si^gests  that  in  using  the  reflex  contractions 
of  the  gastrocnemius,  EIrington  may  have  been  dealing  with  a 
reflex  less  simple  than  flexion  or  else  the  simplest  reflexes  in  the 
frog  have  less  uniform  thresholds  than  corresponding  ones  in 

'Elringtoo:  Zeitochrift  fUr  allgemeine  physiologie,  1914,  xvi,  p.  115. 
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the  cat.  It  would  appear  also  from  Elrington's  results  that 
reflex  contractions  of  the  gaBtrocnemius  vary  in  threshold  from 
moment  to  moment  for  he  frequentiy  gives  the  value  as  "0-30," 
"100-200,"  and  so  forth.  I  have  always  found  the  threshold 
for  flexion  in  the  spinal  cat  very  sharp  and  easy  of  determination, 
with  &n  error  of  perhaps  1  or  2  per  cent. 

If  the  flexion  reflex  threshold  be  raised  by  ether,  strychnine 
promptly  lowers  it.  Figure  1  is  a  graphic  record  of  such  an 
experiment.  Ether  was  adxoinisteTed  by  ^untii^  a  part  of  the 
air  used  for  {uiificial  respiration  throu^  an  ether  bottle.    The 


T    t 
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Fig.  1.  Effect  of  injections  of  etrychnine  on  &  reflex  thrnhold  which  had 
been  roioed  by  ether.  Et,  administration  of  ether  in  varying  amounts  begun; 
£i,  amount  of  ether  administered  was  left  unchanged  from  this  point  to  the  end 
.of  the  experiment;  £1,  injections  of  strychnine  of  0.2  mgm.  or  0.3  mgm.;  C,  eon- 
rulsions.  Ordinates,  values  of  Z;  abscisflae,  elapsed  time  in  hours  and  minutes. 
Continuous  line,  reflex;  broken  line,  nerve-muscle  preparation.  A  portion  of  the 
vertical  part  of  the  record  from  ordinate  60  to  ordinate  450  has  been  omitted 
(Exp.  of  July  22,  1910). 

proportion  of  ether  to  air  could  be  varied  at  will.  The  ordinal 
purpose  was  to  raise  the  threshold  only  moderately,  to  an  "ether 
plateau"  so  to  ^eak,  and  hold  it  at  that  point  for  a  considerable 
interval  durii^  which  the  strychnine  could  be  injected.  Regu- 
lating the  adnunistration  of  the  ether  so  as  to  b^i^  this  about 
was  found  impossible;  the  threshold  either  remained  low  or  rose 
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to  a  great  h^ht  and  even  suddenly  and  completely  disap- 
peared, to  reappear  aa  suddenly  when  the  amount  of  ether  was 
slightly  diminished.  Accordingly  the  attempt  to  obtain  the  ether 
plateau  was  given  up,  and  at  3.30  the  amount  of  ether  was  left 
at  a  certain  definite  ratio  to  the  air  and  this  proportion  was  un- 
changed to  the  end  of  the  experiment.  At  3.52  wiUi  the  thresh- 
old of  the  reflex  at  612  units,  0.3  mgm.  of  strychnine  was  in- 
jected. One  minute  later  the  threshold  was  14  units  and  in  four 
minutes  down  to  8  units.  This  was  only  3  units  above  the  thresh- 
old at  the  begionii^  of  the  experiment  three  hours  before,  al- 
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Fig.  2.  Lowering  by  strychnine  of  a  reSex  threshold  high  from  the  effects 
of  asphyxia.  The  lowering  takes  place  in  successive  stages.  Aa,  asphyxia  (arti- 
ficial respiration  discontinued),  S,  injections  of  strychnine  (0.2  mgm.  doses). 
Legend  otherwise  as  in  figure  2  (Exp.  of  Nov.  2,  1911). 

though  in  the  meantime  it  had  been  for  two  hoiirs  not  lower  than 
480  miits.  Further  doses  of  atrychinne  failed  to  alFect  the 
threshold  more  than  sightly  although  convulsions  were  pro- 
duced. In  another,  experiment  of  the  same  kind  there  was  a 
drop  in  consequence  of  injections  of  strychnine  but  this  was 
followed  by  a  rise  as  the  ether  made  itself  effective  against  the 
strychnine.  A  second  dose  of  strychnine  again  resulted  in  a 
drop  and  this  was  repeated  a  third  time. 

The  threshold  can  be  lowered  when  it  is  high  in  consequence 
of  influences  other  than  drugs.    Figure  2  is  the  plot  of  an  racperi- 
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ment  in  which  the  reflex  threshold  was  high  following  asphj^xia. 
Five  successive  doses  of  strychnine  were  given.  Each  of  the 
first  three  doses  forced  the  threshold  to  a  point  lower  than  it  had 
held  precedii^  the  dose.  After  the  fourth  and  fifth  doses,  how- 
ever, although  the  threshold  was  lowered,  it  never  went  below 
the  minimum  point  reached  after  the  third  injection.  A  similar 
lowerii^  by  stages  has  been  observed  when  strychnine  has  fol- 
lowed ether. 

Assumii^  that  strychnine  is  the  strongest  "excitant"  which 
could  have  been  used,  this  series  of  experiments  indicates  that 
the  fl^on  reflex  is  frequently  in  the  h^hest  state  of  irritability 
of  which  the  mechanism  is  capable.  This  is  not  surprising. 
Flexion  of  the  1^  is  a  protective  reflex  in  frequent  use.    To  be 


Fig.  3.    Explanation  in  text. 


most  serviceable  to  the  organism  it  must  be  set  on  a  "hair- 
trigger."  Here  if  anywhere  amoi^t  spinal  refiexes  we  m^t 
expect  to  find  a  threshold  at  its  lowest  possible  level. 

Figure  3  is  a  modification  of  Sherrington's*  dif^am  of  neu- 
rones and  synapses  concerned  in  the  production  of  typical  spinal 
reflexes.  Suppose  (a)  to  represent  the  synapse  of  highest  thresh- 
old in  the  flexion  reflex  arc,  (b)  the  corresponding  synapse  for 
crossed  extension,  and  (c)  that  for  extension  of  the  forC'Iimb. 
If  we  ass^  to  (a)  a  resistance  of  1,  then  accordii^  to  my  de* 
terminations  (b)  will  have  a  value  of  1.8  to  107,  dropping  to 
1  or  nearly  so  after  strychnine.  Synapse  (c)  will  have  a  resist- 
ance infinitely  high  in  the  imdru^ed  animal  but  after  strych- 
nine its  resistance,  like  that  of  (b),  will  become  approximately  1. 


•  Sherrington :  The  integrative  action  o 
p.  156. 


syatem,  Nev  York,  1906, 
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There  is  nothing  in  this  series  of  experiments  to  prove  that 
(b)  and  (c)  may  not  acquire  even  less  resistance  than  (a).  When, 
in  the  experiment  of  January  17  (p.  176),  at  1.10,  fierion,  crossed- 
exteusion  and  extension  of  forc'limb  all  respond  to  a  stimulus 
of  2.4  Z  units  and  not  to  a  less  stimulus  it  may  mean  merely 
that  a  Bexion  synapse  havii^  a  resistance  of  2.4,  as  (a),  must 
be  crossed  before  crossed-extension  and  fore-limb  movement 
appear.  But  synapses  (b)  and  (c)  may  conceivably  have  a 
still  lower  threshold. 

The  effects  on  the  nervous  system  of  strychnine  and  of  as- 
pl^rxia  in  its  early  stages  are  closely  similar.  "Increased  reflex 
irritability"  has  frequently  been  reported  in  consequence  of  lack 
of  03£ygen.  I"  found  no  clear  evidence  of  a  lowered  reflrac 
threshold  in  asphxia  although  the  usual  convulsions,  super- 
ficially resembling  those  of  strychnine,  were  always  observed. 
Perhaps,  then,  in  asphyxia  the  increased  reflex  irritability  is  due 
not  so  much  to  the  lowering  of  reflex  thresholds  toward  entering 
stimiiU  as  to  tiie  lowering  of  thresholds  of  many  or  all  r^exes 
toward  stimuli  which  have  already  entered  the  cord. 


In  the  spinal  cat  thresholds  of  the  flexion  reflex  are  frequently 
present  which  are  not  lowered  by  strychnine  even  when  admin- 
istered in  doses  causing  convulsions. 

Thresholds  of  the  flexion  reflex  more  commonly,  however,  are 
lowered  by  strychnine,  the  drop  varyii^  from  8  to  56  per  cent 
of  the  original  height  of  threshold. 

The  threshold  of  the  crossed  extension  reflex,  normally  from  2 
to  100  times  as  high  as  the  flexion  threshold,  is  lowered  nearly 
or  quite  to  the  flexion  threshold  by  strychnine.  The  threshold 
for  reflex  extension  of  the  fore-limb,  a  movement  inelicitable  in 
the  undrugged  animal,  is  similarly  lowered. 

A  flexion  threshold  which  is  abnormally  high  following  admin- 
istration of  ether,  or  in  consequence  of  asphyxia,  is  lowered  by 
strychnine  to  approximately  the  normal  level.  The  lowering 
may  take  place  in  stages  following  successive  doses  of  the  dn^. 

>•  E.  L.  Porter;  This  Journal,  1913,  xxxi,  p.  241. 
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STOMACH 

XX.  The  Contractions  of  the  Rabbit's  Stomach  Ditking 
Hunger 

fred  t.  rogers 

From  tht  Hvil  Phyaiologieal  LaboraloTy  o}  the  Unioenily  of  Chicago 
Received  for  publieation  November  16,  1914 

The  work  of  Carlson'  on  man  and  dogs  has  confirmed  the  con- 
clusion of  Cannon  and  Washburn*  that  the  sensation  of  hui^jer 
is  intimately  associated  with  contractions  of  the  ranpty  st<Hnacb. 
Contrary  to  the  common  statement  that  the  empty  stomach  is 
quiet  and  at  rest,  it  can  be  easily  shown  that  the  stomach  is  most 
active  when  empty.  But  since  the  stomach  of  herbivorous 
animals,  and  especially  that  of  the  ruminants,  is  under  normal 
conditions  never  empty  and  these  animals  undoubtedly  feel 
hui^er,  the  question  arises  of  how  hunger  is  to  be  explained  in 
them.  At  the  su^estion  of  Professor  Carison  the  subject  was 
studied  in  the  rabbit. 

Gastric  fistulas  were  made  in  the  rabbits  by  opening  the 
abdominal  cavity  about  one  inch  to  the  left  of  the  mid-ventral 
line  and  as  close  to  the  costal  border  as  possible  and  suturing 
the  muscularis  of  the  fimdic  portion  of  the  stomach  to  the  peri- 
toneum and  oblique  muscles  and  then,  the  gastric  mucosa  to  the 
skin.  These  fistulas  were  made  rather  small  so  that  there  would 
be  little  leakage  of  gastric  juice  or  loss  of  food.  At  times  a  small 
rubber  tube  was  inserted  into  the  stomach  and  left  there  for  longer 
or  shorter  times  to  prevent  closing  of  the  fistula.  Within  thirty- 
tax  hours  after  the  operation  animals  are  usually  feeding.  Such 
animals  were  kept  in  the  laboratory  for  periods  of  two  to  six 

*  C&rlBon:  This  Journal,  xxxi,  p.  17$. 

*  Cannon  and  Waahbum:  This  Journal,  xxix,  p.  441. 
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weeks.  Babbits  with  these  fistulas,  if  properly  taken  care  of, 
are  in  as  good  condition  as  normal  animals.  In  only  two  or 
three  cases  were  gastro-intestinal  troubles  noted  and  these  were 
in  animals  which  had  been  submitted  to  prolonged  starvation 
and  had  nasal  and  pulmonary  infections.  About  e^hteen  rab- 
bits were  used  in  th^e  tests. 

Graphic  records  were  made  usii^  the  rubber  balloon  method 
described  by  Carlson.  The  manometers  and  writing  levers 
were  adjusted  very  carefully  so  as  to  show  all  changes  of  the 
stomach  movements.  Care  was  taken  to  use  as  low  a  pressure 
in  the  writing  apparatus  as  would  clearly  record  the  move- 
ments. This  was  2  to  4  cms.  of  chloroform.  The  relative 
sizes  of  the  distended  balloon  and  stomach  are  shown  in  figure 


Fig.  1.  The  distended  balloon  in  poeition  in  the  rtibbit'e  stomach.  From  a 
lile-eiie  tracing. 

1.  In  this  particular  instance,  the  balloon  had  been  inserted 
thirty-six  hours  before  death  and  the  pressure  within  it  had  not 
been  changed,  from  the  exterior,  within  that  time.  The  space 
between  the  balloon  and  the  stomach  wall  was  filled  with  a  dirty 
green  residue. 

Medium  size  adult  rabbits  were  used  in  this  set  of  experiments. 
In  no  case  did  any  animal  survive  a  period  of  continuous  star- 
vation of  more  than  seven  days  But  since  they  were  frequently 
starved  for  several  days  and  then  fed  for  varying  lengths  of  time 
and  again  starved,  this  short  period  of  life  on  continuous  starva^ 
tion  is  not  surprising.  However  a  review  of  the  literature  shows 
that  only  large  and  heavy  animals  can  stand  more  than  two 
weeks  deprivation  of  food.'    Plenty  of  water  was  always  given 

■  Luciani:  Physiologie  dea  Menachena.,  1611,  iv,  p.  445. 
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the  animals.  But  the  surpimng  result  appeared  that  m  animals 
tiiat  had  died  of  starvation,  still  there  were  always  oonsiderable 
amotuits  of  residue  in  the  stomach.  In  the  moist  condition  in 
which  this  was  removed  from  the  stomach  it  weighed  from  8 
to  13  grams.  Normally  the  moist  contwits  of  the  adult  rabbit's 
stomach  we^hs  90  grams  or  more.  It  therefore  seemed  that 
the  rabbit  was  tmable  to  completely  empty  Its  stomach.*  Thai 
it  was  noticed,  that  soon  after  being  deprived  of  its  usual  food, 
the  animal  provides  a  substitute  by  eating  its  own  escreta.  This 
is  merely  confirmation  of  what  others  have  noticed.  Putting 
the  animal  in  a  wire  bottom  cage  does  not  prevent  this.  The 
only  practicable  way  found  to  prevent  it  was  to  enclose  the 
animal  in  a  cage  so  fitted  with  a  lid,  that  the  rabbit's  head  was 
held  outside,  its  body  inmde  the  cage.  No  doubt  such  a  position 
proved  very  irksome  to  the  rabbit,  but  after  becoming  accus- 
tomed to  the  position  the  activities  of  the  stomach  were  not 
inhibited.  In  an  animal  so  fixed,  the  stomach,  as  noted  by 
Swir^,*  empties  itself  in  about  twenty-four  hours.  Nevertheless, 
during  normal  conditions  of  life,  most  certainly  the  rabbit's 
stomach  is  never  anpty.* 

Since  normally  the  stomach  is  never  empty,  it  is  to  be  expected 
that  gastric  digestion  peristalsis  will  always  persist.  Appar- 
ently this  is  true  up  to  a  short  thne  before  death.  But  as  the 
period  of  starvation  is  prolonged,  the  stomach  contractions  are 
altered.  Instead  of  being  the  gentle  peristalsis  of  normal  d^^es- 
tion,  they  become  relatively  powerful  contraction  waves  which 
rapidly  follow  one  after  the  otho-  with  a  tendency  for  each 
peristaltic  wave  to  pass  into  a  short  period  of  tetany  (fig.  2). 
There  is  no  indication  of  rest  or  periodicity  to  these  stronger 
contractions  until  a  short  time  before  death  from  starvation. 
Auer^  has  pointed  out  that  during  normal  peristalsis  in  the  rab- 
bit, the  stomach  is  incessantly  active.  During  hunger  the 
strength  of  these  contractions  is  accentuated. 

•  Heidenhain:  Arch.  t.  dee.  gee.  Phye.,  xliii,  Sup.  heft.,  ISSS,  p.  38. 
^Swiraki:  G,  Arch.  f.  exp.  Path.,  1898,  41,  p.  143. 

*  Heidenhttin:  Loc.  dt. 

'  Auer:  This  Joumal,  ndii,  p.  16S. 


db,Google 


186  FRED   T.   ROGERS 

Following  this  period  of  increased  activity  there  comes  a  period 
of  depression.  This  is  coincident  with  marked  weakness  on  tiie 
part  of  the  rabbit  or  even  with  the  approach  of  coma.  The 
decline  in  the  vigor  of  the  stomach  activities  comes  on  gradual^. 
The  contractions  become  weaker,  of  shorter  dm-ation,  and 
altematii^  with  short  periods  of  rest  (fig.  2).  In  the  last  st^es 
of  starvation  there  may  occur  prolonged  contractions  or  periods 
of  tetany  lasting  from  two  to  three  minutes.  This  confirms  the 
observations  of  Patterson*  on  d<^8,  that  the  hunger  contractions 
persist  nearly  up  to  the  time  of  death. 


Fig.  2.  CoDtractions  of  the  rabbit's  Btomach.  a,  normal  digestive  peri- 
itaJsis;^,  after  24  hours  starvstioa;  c,  after  7$  hours  starvation ;  d,  after 92  hoim 
starvation;  e,  after  110  hours  starvation.  The  animal  died  a  few  hours  after  this 
tracing  (e)  was  taken. 

There  are  also  differences  between  the  normal  and  the  hungry 
rabbit  in  the  ease  with  which  the  stomach  contractions  are  inhibited 
(fig.  3) .  Th^  may  not  occur  until  the  third  or  fourth  day  of  star- 
vation, unless  precautions  are  taken  to  exclude  the  animal  from 
its  excreta.  Water,  10  per  cent  alcohol,  sugar  solutions,  0.2  per 
cent-0.4  per  cent  hydrochloric  acid,  and  fruit  juices  inhibit  or 
weaken  the  contractions  in  the  hungry  animal.     This  was  deter- 

•  Patterson;  This  Journal,  ixxiii,  p.  423. 
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Fig.  3.  a,  10  cc.  of  0.25  per  cent  hydrochloric  acid  put  into  the  stomach  dur- 
ing normal  digestion  peristalsis;  b,  10  cc.  of  0,25  per  cent  hydrochloric  acid  put 
into  the  stomach  of  a  hungry  rabbit;  c,  10  cc.  of  water  put  into  the  stomach  of  a 
hungry  rabbit;  d,  10  cc.  of  10  per  cent  alcohol  put  into  the  stomach  of  a  hungry 
rabbit.    Note  the  inhibitory  effect  of  these  solutions  on  the  hunger  movements. 


Fig.  4.  Hunger  contractions  of  a  rabbit  on  fourth  day  of  starvation,  a,  at  ' 
X-X  chewing  carrot  moistened  with  0.4  per  cent  hydrochloric  acid;  6,  at  X-X 
chewing  sweet  carrot.    No  inhibition. 
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mined  ather  by  swallowing  (water)  or  by  introducing  these 
Bolutiona  into  the  stomax:h  through  a  small  rubber  tube  passing 
throx^  the  fistula.  In  these  tests  especial  care  was  taken  not 
to  excite  the  rabbit. 

The  ^^t,  smell,  taste,  or  chewing  without  swallowing,  of 
such  foods  as  cherries,  carrots,  apples  and  carrot  leaves  mois- 
tened with  sugar,  acid,  or  quinine  do  not  inhibit  the  stomach 


Fig.  6.    Hunger  contractions  of  s  rabbit  which  waa  excluded'  from  its  feces, 
a,  b,  c,  d,  respectively  cantroctiona  after  12,  24,  48  and  62  houra  of  Btamtion. 

contractions  (fig.  4).  The  relative  di£Sculty  of  inhibitii^  the 
stomach  contractions  even  wheti  the  animal  is  undoubtedly 
hungry,  is  in  striking  contrast  to  the  ease  with  which  this  occurs 
in  man  or  in  d(^s.* 

■  Excitement  not  only  inhibits  these  hunger  contractions,  if 
such  they  may  be  called,  but  causes  a  marked  lowerii^  of  the 

*  Carlson:  This  Journal,  xitxii,  p.  389. 
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gastric  tonxis.  In  fact  tonus  variations  were  frequently  seen 
during  hunger  but  not  conuuonly  during  normal  digestion 
peristalsis.  May  not  the  increasing  muscle  tone  of  the  stomach, 
as  starvation  is  prolonged,  play  a  part  in  causing  the  sensation  of 
hunger?  Certainly  a  state  of  greater  contraction  of  the  stomach 
on  the  substances  remaining  within  it,  as  starvation  is  pro- ' 
longed,  is  the  first  apparent  change  (fig.  6).  Rabbits  will  show  j 
signs  of  hunger,  such  as  restlessness,  gnawing  dry  wood  and  eat- 
ing cotton,  before  the  character  of  the  movements  as  recorded 
by  this  method  shows  any  striking  chaise  from  the  normal  • 
digestion  peristalsis.  The  increased  activity  of  the  stomach 
that  later  appears  is  no  doubt  also  accompanied  by  psychic 


Fig.  0.  Superimposed  lifeaize  tracirRS  of  the  stomaclia  of  two  adult  rabbits; 
the  larger  represents  the  stomach  of  a  rabbit  killed  after  abundant  eating;  the 
smaller  the  atomach  of  n  rabbit  which  died  oF  starvation,  but  had  been  permitted 
to  eat  its  own  feces. 

changes.     The  appearance  of  gastric  tetany  if  the  animal  is 
still  able  to  move  about,  is  marked  by  restlessness. 

In  order  to  determine  whether  or  not  the  stomach  of  the  rabbit 
when  it  contains  no  food  is  quiescent,  the  animal  was  so  caged  as 
to  be  excluded  from  its  feces.  The  only  difference  observed 
between  an  animal  so  caged  and  one  free  to  move  about,  was 
that  the  increased  vigor  of  the  stomach  contractions  com.es  on 
sooner  in  the  former.  In  about  twelve  hours  after  feeding  the 
contractions  become  very  much  stronger  than  normal  digestion 
peristalsis  and  this  activity  both  of  contractions  and  tonus 
variations  persists  after  the  stomach  has  emptied  itself  of  food 
(fig.  o).     What  such  an  anim.al  must  feel  can  only  be  imagined 
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by  one  who  has  felt  the  periods  of  hunger  tetany  in  his  own 
stomach.  The  inhibitory  reflexes  are  similar  to  those  of  the 
normally  hungry  rabbit. 


During  starvation  of  the  rabbit  the  stomach  is  never  empty 
unless  precautions  are  taken  to  prevent  the  animal  from  eating 
its  feces.  In  the  latter  case  the  stomach  of  the  adult  rabbit 
empties  itself  in  about  twenty-four  hours. 

During  starvation  of  the  rabbit,  the  stomach  activities  are 
augmented  and  the  reflexes  acting  on  the  gastric  motor  mech- 
anism are  different  from  those  of  normal  digestion  peristalsis. 
But  there  are  no  sharp  dividing  Unes  between  the  normal  peri- 
stalsic  contractions  occurring  during  digestion  and  those  occur- 
ring during  hunger.  It  would  thus  seem  that  in  the  rabbit  at  least, 
the  gastric  hunger  coniracticms  are  intensified  digestive  peristalses. 

The  empty  stomach  of  the  rabbit  shows  very  strong  and  rapidly 
repeated  contractions  and  marked  tonus  variations. 

In  the  hungry  rabbit  there  is  a  state  of  increased  tonus  in  the 
stomach  musculature.  Tonus  changes  are  more  marked  and 
occur  more  frequently  during  hunger  than  during  normal  diges- 
tion peristalsis. 

The  contractifflis  of  the  stomach  occurring  during  hxmger  in 
the  rabbit  are  not  inhibited  by  the  sight,  smell,  taste  or  chewing 
of  food. 

The  contractions  occurring  during  hunger  are  inhibited  or 
weakened  by  the  introduction  into  the  stomach  of  sMall  quan- 
tities of  water,  weak  acids,  alcohol  or  sugar  solutions.  Normal 
peristalsis  is  not  inhibited  by  the  same  amounts  of  these  solutions. 

Excitement  (central  nervous  influences)  inhibits  the  stomach 
contractions  and  causes  a  lowering  of  the  tom^  of  the  stomach 
musculature. 

The  relation  of  the  hunger  contractions  to  normal  peristalsis 
is  being  studied  further  in  man  and  dogs  as  well  as  in  rabbits. 

My  hearty  thanks  are  due  Professor  Carlson  for  his  help  and 
suggestions;  to  the  laboratories  of  Baylor  University  for  ma- 
terial; and  to  Drs,  ,A.ynesworth  and  Dudgeon  for  aid  in  the 
operations. 
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XIX.  Heflexes  from  the  Intestinal  Mucosa  to  the  Stomach 

E.  H.  BRUNEMEIER  and  A.  J.  CARLSON 

From  tke  fiuU  PhyaiologictU  Lahotaiofy  of  the  Vniveriity  of  Chicago 

Received  for  publtcatioD  November  16,  1014 

The  tonus  and  the  contractions  of  the  empty  stomach  (man 
and  dog)  are  temporarily  inhibited  by  stimulation  of  nerves  in 
the  mouth,  in  the  oesophagus,  and  in  the  gastric  mucosa  itself.' 
Can  the  tonus  and  hunger  contractions  of  the  empty  stomach  be 
influenced  reflexly  by  stimulation  of  the  intestinal  mucosa? 
The  answer  to  this  question  might  explain  the  diminution  or  abo- 
lition of  hunger  by  the  introduction  of  chyme  into  the  intes- 
tine.* If  such  reSex  relations  exist,  it  is  obvious  that  the  intes- 
tinal mucosa  must  be  an  important  factor  in  the  control  of  the 
gastric  tonus  and  hunger  mechanism. 

Boldireff'  reports  that  acids  in  the  intestine  inhibit  the  periodic 
activity  of  the  empty  stomach.  The  inhibition  was  not  obtained 
by  water  or  alkaline  solutions.  In  fact  Boldireff  appears  to  imply 
that  the  periodic  contractions  of  the  empty  stomach  may  be 
initiated  by  the  introduction  of  a  solution  of  0.3  per  cent  NajCOt 
into  the  intestine.  He  therefore  concludes  that  the  reflex  inhibi- 
tion is  due  to  an  acid  stimulation  of  nerves  in  the  intestinal 
mucosa. 

EXPERIMENTAL  METHOD 

In  this  work  we  used  24  young  female  dogs.  Intestinal  fis- 
tulse  were  made  by  Abbe's  lateral  anastomosis  in  the  first  loop 
of  the  small  intestine  below  the  pancreas,  the  cephslad  end 

>  C&rlson;  This  JoutdoI,  1913,  xxxi,  p.  212;  xxxii,  p.  245  and  p.  38B. 
<  Busch:  Arch  f.  Pathol.  Anat.  u.  Physiol.,  1858,  xiv,  p.  140. 

>  Boldireflf:  Zentralbl.  t.  Physiol.,  1904,  xviii,  p.  989. 
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beii^  sutured  into  the  abdominal  wall  and  left  open  to  the  ex- 
terior. The  gastric  fistulte  were  made  after  recovCTy  from  the 
first  operation. 

In  another  group  of  dogs  a  Tiery  fistula  was  made  but  no 
gastric  fistula,  the  recording  apparatus  being  introduced  into 
the  slomach  through  the  oesophagus. 


Fif .  1.  Tracing  showing  tonus  &nd  hunger  controctiouB  of  the  empty  stomach 
of  dogs.  A,  10  cc.  of  gastric  juice  introduced  into  small  intestine  at  a.  B,  10 
oc.,  0.5  IICI  introduccij  into  small  intestine  at  a.  C,  10  cc.  t  per  ceat  NaiCOi 
introduced  into  small  intestine  at  a.  Showing  reflex  inhibition  of  the  tonus 
and  the  hunger  contractions  of  the  empty  stomach  by  chemical  stimulation  of 
intestinal  mucosa. 

In  a  third  group  the  gastric  fistula  was  made  near  the  pyloric 
end  of  the  stomach.  Through  this  fistula  a  small  stomach  tube 
was  passed  through  the  pylorus  into  the  small  intestine  for 
varying  distances.  This  tube  was  kept  in  the  gut  throu^out 
the  experiment  for  the  introduction  of  the  Uquids  into  the  in- 


dbyGooglc 


REFLEXES  FROM   INTESTINAIj   MUCOSA  TO   STOMACH         193 

testine.  The  recording  balloon  was  passed  into  the  stomach 
either  throiigh  the  gastric  fistula  or  through  the  oesophagus. 

Id  the  last  group  of  dc^  the  vagi  and  splanchnic  nerves  were 
cut,  and  after  recovery  from  the  operation,  gastric  fistulse  were 
establi^ed  in  the  uitrum  pylori.  In  all  tests  on  this  group  the 
fluids  were  introduced  into  the  intestine  by  means  of  a  tube 
passed  through  the  pylorus,  and  the  stomach  balloon  was  passed 
down  through  the  oesophagus. 

The  followii^  solutions  were  introduced  into  the  intestine  in 
10  cc.  quantities,  in  most  cases  at  body  temperature: 

1.  Normal  gastric  juice  (dog,  man). 

2.  10  per  crait  ^^itte's  peptone  in  0.2  per  cent  HCl. 

3.  Pepsin  in  0.2  per  cent  HCl. 

4.  Hydrochloric  acid  (0.1  per  cent  to  0.5  per  cent). 

5.  Satxirated  H»CO»  solution. 

6.  Sodium  caihonate  (0.2  per  cent  to  1  per  cent). 

7.  Glucose  (neutral  solution). 

8.  Neutral  olive  oil. 

9.  Fresh  milk. 

10.  Water. 

11.  Meclumical  stimulation  of  the  intestinal  mucosa  (glass  rod 
or  rubber  tube). 


When  the  vagi  and  the  splanchnic  nerves  are  intact  aU  me- 
chanical and  chemical  stiiiiulations  of  the  intestinal  mucosa  cause 
inhibition  of  the  gastric  tonus  and  hunger  contradions.  The  effect 
of  a  purely  mechanical  stimulation  (rubbing  the  mucosa  with  a 
glass  rod  or  rubber  tube)  is  the  most  transitory.  In  general  pure 
gastric  juice  and  the  0.5  per  cent  HCl  cause  the  longest  inhibi- 
tion. The  acid  peptone  solution  followed  these  closely.  The 
weaker  acids  produced  inhibition  of  less  duration.  Saturated 
carbonic  acid  solution  did  not  give  quite  so  distinct  an  inhibition 
as  the  other  acids.  Inhibition  with  pure  gastric  juice  and  the 
acid-peptone  mixture  varied  in  diuation  from  three  to  twenty 
minutes,  depending  apparently  largely  on  the  condition  of  the 
animal  at  the  time.    The  sodiiun  carbonate  solution  caused 
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inhibition  of  less  duration  than  acid  mixtuies  but  of  longer 
duration  than  the  water  or  the  neutral  mixtures  in  general. 
However,  the  longest  inhibition  obtained  in  any  one  experiment 
was  produced  by  10  cc.  of  mi\k  in  the  gut.  In  this  case  the  in- 
hibition lasted  thirty  minutes.  Ordinarily,  neutral  solutions 
produced  a  loiter  inhibition  than  the  mechanical  stimulation 
by  moving  the  soft  rubber  tube  or  the  stomach  tube  in  the  intes- 
tinal fistula. 

In  the  animalR  with  the  va(p  and  splanchnic  nerves  severed 
the  above  substances  still  caused  reflex  inhibition  of  the  empty 


Fig.  2.  TracingB  from  the  empty  etomach  of  doga.  A,  a,  mechanical  stimu- 
latiun  of  intestinal  mucosa  (gently  moving  a  rubber  tube  in  the  lumen) ;  b,  10  cc. 
water  introduced  into  the  intestine;  c,  10  cc.  of  0.3  per  cent  NaiCOi  introduced 
into  the  intestines.  B,  a,  10  cc.  of  10  per  cent  peptone  in  0.2  per  cent  HC1  intro- 
duced into  intestine;  b,  10  cc.  fresh  milk  introduced  into  the  intestine.  Showing 
temporary  inhibition  of  tonus  and  hunger  contractions  of  the  empty  stomach 
by  mechanical  and  chemical  stimulation  of  the  intestinal  mucosa. 

stomach  from  the  intestinal  mucosa,  but  the  latent  period  of  the 
inhibition  was  greatly  prolonged,  the  degree  of  the  inhibition  less, 
and  the  duration  of  it  much  shorter  than  in  the  normal  animals. 
It  is  therefore  clear  that  this  inhibition  of  the  tonus  and  con- 
tractions of  the  empty  stomach  by  chemical  and  mechanical 
stimulation  of  the  intestinal  mucosa  involves  both  long  or  cen- 
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tral  and  ^ort  or  local  reOex  paths,  a  situation  similar  to  that 
found  In  the  gastric  mucosa  itself.* 

The  precise  r6le  of  this  reflex  in  the  control  of  the  gastric 
hui^;er  mechanism  in  the  normal  animal  must  be  detennined  by 
further  investigation.  It  is  probably  a  factor  in  the  diminu- 
tion or  absence  of  hunger  in  cases  of  enteritis,  intestinal  ob^ 
struction,  and  constipation. 

CONCLUSIONS 

(a)  Gastric  juice,  chyme,  acids,  alkalies,  water,  milk  and  oil 
introduced  into  the  small  intestine  inhibit  gastric  hunger  con- 
tractions and  gastric  tonus  for  varying  periods. 

(&)  This  inhibition  of  these  gastric  hunger  contractions  and 
tonus  is  due  partly  to  mechanical,  partly  to  ch^nical  stimulation 
of  the  intestinal  mucosa.  The  chemical  stimulation  produces 
the  greatest  effect. 

(c)  This  inhibition  of  gastric  hxmger  contractions  takes  place 
apparently  primarily  by  the  "long"  or  central  reflex  path,  but 
"short"  or  local  reflex  paths  in  Auorbach's  plexus  are  also 
involved. 


:  Thia  Jouroml,  1913,  xxxi,  p.  213;  xxxii,  p.  246  rad  p.  389 
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A  NOTE  ON  THE  PHYSIOLOGY  OF  THE  CUVIERIAN 
ORGANS  OF  HOLOTHURU  CAPTIVA  LUDW.i 

W.  J.  CROZIER 
Received  tor  publicfttion  Novnaber  18,  1914 
CONTENTS 
I.  Introduction. 
II.  Stimuli  which  lead  to  CuTierian  organ  expulsion. 

III.  Mechamsro  of  diMharge. 

IV.  The  adhenve  property. 
V.  Summary. 

'  I.  Concernmg  the  function  and  mode  of  action  of  the  Cuvie- 
rian  organs  of  holothurianB  there  is  available  very  little  experi- 
mental evidence.*  The  followii^  observations  upon  the  physi- 
olc^  of  these  structures  in  one  of  the  Bermudan  species  of 
Holothuria  may  therefore  be  of  interest. 

HoloUiiiria  captiva  does  not  bury  it«elf  in  mud  or  sand,  but  is 
to  be  found  (during  the  day-time  at  least)  only  on  the  under  sur- 
face of  slabs  of  stone,  in  places  where  numbers  of  such  stones 
occur  piled  together  just  under  low-water  level.*  It  clings  to 
the  rock  surfaces  with  such  tenacity  that  frequently  numbers 
of  pedicels  must  be  torn  before  the  animal  can  be  renaoved.  Dur- 
ing the  process  of  collection  there  almost  invariably  occurs  the 
emulsion  of  some  of  the  Cuvierian  organs,  which  in  this  q>ecies 

.'  Contributions  from  the  Bermuda  Biological  Station  for  Research.    No.  37. 

■  For  an  account  of  the  views  of  variue  writers  see  Minchin  (1892)  and  Mines 
(1912). 

*  Such  localities  were:  Hungry  Bay,  near  the  entrance;  Bluok's  Point;  and  the 
old  break-water  near  WalainKham,  Castle  Harbor.  Previous  papers  (Crosier, 
1914  a  (7t  and  1914  b)  contain  data  on  the  behavior  of  these  animals.  The  present 
account  is  based  upon  the  experiments  during  the  summers  of  1913  and  1914, 
at  the  Bermuda  Biolt^cal  Station. 

196 
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arc  very  abundant  (cf.  Ckrk,  1901,  p.  342).  I  have  never  seen 
a  ease  in  which  the  tubes  were  in  an  extruded  condition  when  the 
rocks  bearing  H.  cstptiva  were  turned  over  imder  water,  though 
in  all  several  hundred  animals  were  observed  in  their  natural 
position.  I  can  there&Hv  offer  no  suggestion  as  to  th^  r&le  in 
the  normal  economy  of  the  animal. 

II.  It  has  generally  been  stated  that  holothurians  possessing 
Cuvierian  oigans  expel  them  when  the  animal  is  "irritated;" 
presumably  medianieal  stimulation  of  an  intense  character  is 
meant.  H.  estiva  was  observed  to  discharge  its  tubes  when 
the  back  or  side  was  stimulated  by  r^eated  gentle  touches  with 
a  blunt  instrument,  or  when  the  papillae  or  tentacles  were  ' 
pinched.  The  brim  surrounding  the  dorsally  situated  anus  be- 
came at  the  same  time  devated  into  a  funnel-shaped  tube,  the 
opening  of  which  was,  in  a  general  way,  directed  toward  the  irri- 
tated area.  The  number  of  organs  discharged  varied  with  the  in- 
tensity and  duration  of  stimulation.  The  individual  threads  were 
frequently  as  much  as  ten  times  the  lei^^  of  the  aniinal  produc- 
ing them.  Usually,  but  not  always,  one  end  of  the  Cuvierian 
organ  ronained  attached  to  the  cloaca.  The  gen^^  a[^>ear- 
ance  and  behavior  of  the  threads  followed  very  closely  the  ac- 
count given  by  Minchin  (1892)  of  the  dischai^ed  Cuvierian 
o^ana  of  H.  nigra. 

The  application  of  solutions  of  a  vuiety  of  "irritating"  sub- 
stances to  the  surface  of  H.  eaptiva  did  not  lead  to  thedischarge 
of  the  organs.  Half-cubic  centimeter  volumes  of  in(»ganic  acids 
(TFj)r  phenol  (tt?),  turpentine,  essential  oils,  etc.,  were  used. 
To  such  solutions  the  animal  reacts  vigorously,  but  not  by  the 
expulsion  of  Cuvioian  organs. 

A  gradual  increase  in  the  temperature  of  the  seawater,  up  to 
40°C.,  did  not  induce  the  dischai^e  of  the  tubes.  I  have  pre- 
viously noted,  in  H.  surinamensis,  the  absence  of  a  tranperature 
sense  (Crozier  1914a  [7]). 

Immeruon  in  diluted  seawater  or  in  rain  water  did  not  lead  to 
Cuvierian  organ  discbatge. 

I  have  elsewhere  shown  (Crozier,  1914  b)  that  light  has  a 
toxic  action  on  these  animals.     Holothurians  exposed  to  the 
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direct  rays  of  the  sun  sometimes  discharged  a  few  Cuvierian 
organs,  but  after  beii^  in  bright  sujilight  for  a  short  time  (about 
15  minutes)  they  passed  into  a  moribund  condition,  in  which  no 
tubes  were  expelled  in  response  to  mechanical  stimulation. 
When  kept  in  laboratory  aquaria  shielded  from  the  light,  the 
partial  stagnation  of  the  water  was  accompanied  by  the  dis- 
charge of  some  of  the  tubes  long  before  auto-evisceration  made 
its  appearance. 

It  would  therefore  seem  that  the  normal  stimulus  for  the 
dischat^e  of  these  organs  is  of  a  tactile  or  mechanical  nature, 
flince  it  is  only  in  response  to  such  stimuli  that  the  tubes  are 
discharged  promptly  and  elongated  to  any  extent. 

III.  Mines  (1912)  found  that  the  discharge  of  the  Cuvierian 
oi^ns  of  H.  nigra  was  accompanied  by  an  increase  of  internal 
pressure  comparable  to  that  which  he  found  sufficient  to  produce 
the  extension  of  the  isolated  tubes,  and  hence  concludes  Uiat  tiie 
tubes  are  extended  by  water  which  is  forced  into  than,  in  ac- 
cordance with  the  view  of  H^rouard  (Delage  et  H^rouard,  1903). 
If  Holothuria  captiva  be  plunged  into  water  at  temperatures 
between  40°C.  and  60''C.,  the  animal  contracts  somewhat  and 
several  Cuvierian  organs  are  usually  expelled,  though  they  are 
coagulated  before  they  are  extended  beyond  a  centimeter  or  so. 
The  internal  body  pressure  may  also  -be  artifically  raised  by 
pressing  on  the  holothurian's  back,  in  which  case  the  tubes  also 
make  their  appearance.  If  the  pressure  is  gentle,  they  are 
forced  out  and  break  o!ff  as  small  cigar-shaped  bodies  tapering 
at  both  ends,  -about  8  to  10  mm.  long  and  0.2  mm.  in  diameter 
(fig.  1).  By  presEdi^  on  the  animal  suddenly  and  with  consid- 
erable force  the  tubes  may  be  caused  to  be  shot  out  in  typical 
fashion.  When  placed  in  rain-water  at  36°C.,  H.  captiva  dies 
in  less  than  ten  minutes;  pressure  caused  the  expulsion  of  Cuvie- 
rian organs  from  animals  killed  in  this  way,  but  they  were  never 
completely  extended. 

There  are  a  number  of  facts  which  indicate  that  an  increase 
in  interna!  pressing  is  not  the  only,  nor  even  the  principal  factor 
producing  the  discharge  and  elongation  of  the  tubes.    When 


dbyGoogIc 


PHYSIOLOGY  OF  CDVIBBIAN  ORGANS  199 

H.  captiva  undet^es  auto-evisceration,*  the  rupture  of  the 
cloacal  wall  is  accompanied  by  a  considerable  increase  of  internal 
pressure,  but  it  is  only  rarely  that  any  Cuvierian  organs  are  even 
partially  discharged  durii^  this  process.  Moreover,  and  thia  ig  a 
factor  which  has  apparently  been  overlooked,  there  proceeds 
from  the  anus  of  an  animal  under  e7q>erimeutal  pressure,  and  also 
in  the  normal  discharge  of  the  organs,  a  fairly  stroi^  current 
derived  from  water  previously  held  in  the  respiratory  trees. 
The  direction  of  this  current  was  observed  and  its  force  estimated 
in  water  colored  with  carmine  particles.  It  was  clearly  evident 
tiiat  the  current  served  to  direct  and  elongate  the  Cuvierian 
ot^ans.  By  this  means  the  organs  are  generally  directed  away 
from  the  animal  discharging 
them,  which  is  thus  prevented 
from  entangUng  itself.  If  the 
tmextended  oi^aus  secured  by 
gentle  pressure  on  a  holothurian       t^.    .    „.     .      ,  .       , 

''  ,  ,  ,  ,  Fig.  1,    Showing  the  reaction  of  a 

were  taken  up  m  a  wide-  gjngie  Cuvierian  organ-obtained  by 
mouthed    pipette    and    ejected      pnaainK    on    &  Holothuria    oaptiva— 

therefrom    under    the   water,    '"  '*<'*''''  stimulation  at  the  point  x. 

,,        ,  ii       1  i  J       The  time  occupied  by  the  reaction  waa 

they  became  greatly  elongated.     ^^  ^.^  ^^  3  Beoonds.   Magnified  2 
A    stream    of    water    directed     diametera. 
upon  an  unextended  tube  lying 

in  a  glass  dish  also  produced  this  eloi^ation,  especially  when  one 
end  of  the  tube  had  become  attached  by  its  sticky  secretion;  the 
latter  condition  corresponds  almost  exactly  to  the  state  of  affairs 
during  the  normal  discharge  of  the  organs. 

The  cloacal  stream  has  also  another  effect.  As  is  noted  by 
several  writers  (see  Mines,  1912),  the  Cuvierian  organs  possess 
an  intrinsic  elongating  mechanism,  consisting  of  circular  muscle 

*  Even  when  kept  in  well  aerated  eeawater  aguaria  protected  from  the  light, 
holothuriane  will  eviscerate  after  about  four  days.  Thia  does  not  happen,  how- 
ever, until  all  ingested  material  has  been  removed  from  the  gut  by  defecation. 
It  is  therefore  possible  that  one  form  of  the  atimulua  to  evisceration  originatea  in 
tiie  gut,  and  it  may  be  suggested  that  posaibly  the  stimulus  results  from  the  autol- 
ysis of  the  intestine,  due  to  the  accumulation  of  digestive  eniymes,  which  under 
normal  conditions  are  continually  removed,  since  the  gut  is  always  full. 
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fibers  and  some  longitudinal  ones.  The  structure  of  the  tubes  of 
H.  captiva  agrees  very  well  with  Ludwig'a  account  of  these  organs 
in  H.  poll  (Ludwig,  1892,  p.  173).  The  short  tubes  above  de- 
scribed as  being  ejected  under  gentle  pressure  may  be  kept  alive 
for  scane  time  in  seawater.  If  they  are  touched,  as  with  the  tip 
of  a  fine  glass  rod,  they  constrict  at  about  the  middle  point  and 
from  this  level  proceed  to  elongate  in  both  directions.  Sometimes 
only  the  proximal  half  became  constricted  and  elon^ted,  the 
distal  half — corresponding  to  the  "head"  of  the  organ  as  described 
by  Minchin  (1892)  and  Russo  (1899) — retaining  its  original  fonn. 
They  also  reacted  locally  by  constrictions.  Inaanuch  as  the 
tubes,  as  normally  dischai^^,  travel  faster  during  part  of  their 
course  than  does  the  cloacal  stream,  the  water  current  probacy 
stimulates  their  extension  by  the  self-contained  mechaniam. 
These  holothurians  when  pressed  upon  sopietimes  emitted  tubes 
as  those  above  described,  which  were  swirled  about  by  the  cloacal 
stream  and  stimulated  to  extension;  whereas  oth^  tubes  of  the 
same  sort  upon  which  the  cloacal  stream  did  not  impinge  re- 
mained unexteuded.  I  therefore  believe  that  the  increased  body 
pressure  observed  by  Mines  ia  primarily  related  to  the  production 
of  the  cloacal  stream,  and  only  secondarily  implicated  in  the 
discharge  and  elongation  of  the  tubes. 

There  are,  then,  at  least  three  factors-uxvolved  in  the  discharge 
and  extoision  of  the  Cuvierian  organs;  the  internal  body  pres- 
sure, the  mechanical  and  stimulating  actitm  of  the  clockcal  cur- 
rent, and  the  intrinsic  extending  mechanism  of  the  tubes. 

The  nervous  path  of  the  stimuh  leading  to  Cuvierian  oi^ptn 
expulsion  is  not  known.  With  the  object  of  discoveiijig  wheth^ 
the  oral  nerve  ring  took  part  in  the  matter,  I  experimented 
upon  animals  in  which  the  anterior  end  had  been  cut  oCT.  The 
tubes  were  somet'mes  ejected  by  individuals  so  prepared,  but 
never  in  a  fully  extended  condition.  The  result  is  not  decisive, 
since  animals  with  the  anterior  end  intact  frequently  presented 
the  same  condition  after  they  had  been  in  the  laboratory  for 
some  time.  With  such  animals,  in  which  the  general  level  of 
tone  is  very  low,  the  unextended  tubes  could  be  obtained  by 
pressure  very  much  more  easily  than  with  the  specimens  in  good 
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condition.  ThiB  points  to  the  conclusion  that  the  noimal  release 
of  the  Cuvierian  organs  includes  the  action  of  the  nra^ous  syBt«m, 
though  perhaps  in  an  indirect  way. 

IV.  When  the  tubes  are  in  the  discharged  condition  they  are 
very  sticky.  In  tubes  ejected  in  water  above  40°C.  the  stickiness 
is  not  so  evident,  even  when  the  tubes  are  drawn  out.  Neither 
are  they  sticky  when  extruded  into  rain  wafer.  The  adhesive 
property  is  somewhat  developed  when  the  rain  water  has  been 
made  faintly  alkaline.  Hence  the  stickiness  depends  upon  the 
presence  of  a  substance  coagulable  by  heat,  which  acquires  its 
adhesiveness  through  the  action  of  the  alkalinity  and  salts  of  sea 
water. 

The  coelomic  fluid  of  Holothuria  is  practically  sea  water.  Why, 
then,  do  not  the  tubes  stick  together  as  they  lie  in  close  contact 
in  the  body  cavity?  It  has  been  generally  observed  that  the 
tubes  are  adhesive  only  when  extended.  As  a  matter  of  fact, 
the  stickiness  increases  in  the  slightly  extended  tubes  after  tiiey 
have  been  for  some  minutes  in  seawater.  But  it  would  seem  that 
in  t&e  tiBual  rapid  elongation  of  the  organs  the  adhesive  material 
is  probably  squeezed  out  of  gland  cells  by  the  contraction  of  the 
wall  of  the  tube —  a  conclusion  which  is  favored  by  the  structure 
of  the  organ. 

V.   8UHUA.BT 

1.  The  Cuvierian  organs  of  Holothuria  captiva  are  expelled 
in  response  to  mechanical  stimulation,  but  not  to  various  forms 
of  chemical  irritation. 

2.  The  mechaniem  of  their  discharge  comprises  an  intrinsic 
extending  apparatus  acting  together  with  the  stimulating  action 
and  directive  influence  of  the  cloacal  current.  The  Cuvierian 
organs  are  not  expelled  by  the  forcing  into  them  of  water  from 
the  cloaca. 

3.  The  adhesiveness  of  the  discharged  Cuvierian  organs  depends 
uj>on  the  presence  of  a  heat-coagulable  substance,  which  is  altered 
in  such  a  way  as  to  become  sticky  when  it  is  acted  upon  by  the 
alkalinity  and  salts  of  sea  water. 
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THE  VASO-MOTOR  NERVES  OF  THE  DUODENUM 

R.  BURTON-OPITZ 

From  the  Phynological  Laboroiwy  o}  Colvmbia  Vniverxily  at  the  College  of  Phptieiana 

and  Surgeoni,  New  York 

The  arterift  gastro-duodenalis  which  fonns  the  continuation  of 
the  hepatic  artery,  gives  rise  to  the  arteria  gastro-epiploica  dextra 
and  the  arteria  pancreatieo-duodenalis.  The  former  supplies 
the  uppenuost  portion  of  the  duodenum  and  adjoining  pyloric 
end  of  the  stomach,  while  the  latter  is  directed  towards  the 
head  of  the  pancreas,  wh^e  it  anastomoses  with  the  arteria 
pancreatieo-duodenalis  inferior.  During  its  course  along  the 
border  of  the  middle  s^ment  of  the  duodenum  this  blood  vessel 
gives  off  a  number  of  branches  which  ascend  upon  both  walls 
of  this  part  of  the  intestine. 

The  nerve  fibres  originally  embraced  in  the  hepatic  plexus, 
reach  these  parts  by  following  the  byways  of  the  arteries.  The 
plexus  gastro-duodenalis  divides  into  two  networks  at  the  point 
of  bifurcation  of  the  artery.  A  part  of  it  then  invades  the  py- 
loric region  and  another  the  pancreatic  tissue,  but  besides,  a 
mmiber  of  filaments  become  separated  from  the  main  plexus 
and  accompany  the  arterial  twigs  to  the  central  segment  of  the 
duodenum. 

In  accordance  with  its  blood  and  nerve  supply  the  duodenum 
of  the  dog  may  be  divided  into  three  parts,  namely,  into  an  upper, 
a  middle  and  a  lower  s^ment.  While  this  peculiar  anatomical 
arrangement  has  enabled  me  to  prove  the  existence  of  vaso- 
motor nerves  in  the  r^on  of  the  pylorus^  as  well  as  in  the  lower- 
most portion  of  the  duodenum,'  it  has  been  quite  impossible 
so  far  to  furnish  similar  proof  for  the  central  extent  of  this  part 
of  the  intestine.    This  faJure  is  to  be  attributed  to  the  difficulties 

1  Burton-OpiU:  Pflttger's  Archiv,  cxlvi,  1912,  344. 
I  Burton-C^itc  Pflagor'a  Archiv,  oxxiv,  190S,  460. 
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encounto'ed  when  a  separation  between  the  pancreatic  tissue 
and  the  duodenum  is  attempted.  To  be  sure,  the  blood  supply 
of  a  large  part  of  the  pancreas  can  be  determined  satisfactorily, 
because  this  organ  can  be  isolated  from  the  intestine  by  Edmply 
ligating  the  duodenal  branches  of  the  pancreatic  artery.  In  spite 
of  the  fact  that  the  area  of  contact  between  the  organs  in  ques- 
tion is  not  equally  lai^e  in  all  animals;  the  reverse  procedure 
meets  with  many  obstacles,  because  the  removal  of  the  pan- 
creatic tissue  is  generally  attended  by  complete  obUteration  of 
many  of  the  delicate  duodenal  blood  vessels. 

The  animal  from  which  the  present  data  have  been  derived, 
presented  rather  favorable  conditions  in  so  far  as  the  pancreatic 
artery  pursued  a  very  superficial  course,  so  that  its  duodenal 
ramifications  could  be  freed  without  serious  injury  to  than  and 
the  accompanying  nerve  fibres.  Havii^  ligated  the  arteria 
gastro-epiploica  dextra,  the  vaaoular  field  was  restricted  still 
further  by  obstructing  all  pancreatic  branches.  A  stromuhr* 
was  then  inserted  in  the  arteria  gastro-duodenalis.  The  central 
cannula  of  this  instrument  gave  attachment  to  the  connecting 
tube  of  a  membrane  manometer  for  the  determination  of  the 
pressure  existing  in  this  blood  vessel.  The  distal  end  of  the 
divided  plexus  gastro-duodenalis  was  placed  in  shielded  electrodes 
at  a  point  opposite  the  stromuhr. 

This -procedure  enabled  me  to  measiu%  the  quantity  of  blood 
distributed  to  the  middle  portion  of  the  duodenum,  while  stimu- 
lation of  the  aforesaid  plexus  was  resorted  to  at  intervals.  But, 
as  it  is  extremely  probable  that  the  ligation  of  the  different 
branches  of  the  pancreatic  artery  markedly  enhanced  the  flow 
through  the  duodenal  channels,  the  quantitative  data  h^e  given 
should  be  regarded  merely  as  differential  values. 

In  view  of  the  present  experimental  arrangement,  it  must  be 
clear  that  ai^  variation  in  the  blood  supply  of  this  part  coincident 
with  the  excitation  of  this  plexus,  must  be  produced  by  active 
changes  in  the  size  of  the  duodenal  blood-bed.  To  begin  with 
the  stromuhr  registered  a  flow  of  0.32  cc.  in  a  second  which,  upon 

» I  employed  the  recording  stromuhr  described  by  me  in  PflOger's  Arcbiv, 
cxxi,  1906,  ISO. 
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stimulation  of  the  gastro-duodenal  plexus  with  a  moderate  cur- 
rent, slowly  decreased  to  0.13  cc.  in  a  second.  The  blood  pres- 
sure which  previously  amounted  to  only  68.5  mm.  Hg,  rose  gradu- 
ally to  79.0  mm.  Hg.  Normal  vascular  conditions  were  again 
established  soon  after  the  cessation  of  the  stimulation. 

The  curve  reproduced  in  the  accompanying  plate  shows  the 
record  of  the  stromuhr  (S)  in  exact  relation  with  the  record  of 
the  membrane  manometer  (P)  above  the  ccamnon  abscissa  E. 
The  stimxilation  of  the  plexus  gastro-duodenalis  took  place  be- 
tween points  A  and  B.  It  is  evident  that  the  blood  flow  is  con- 
siderably lessened  durii^  the  seventh  phase  of  the  stromuhr, 
the  decrease  becoming  well  marked  within  a  few  seconds  after 
the  beginning  of  the  stimulation.  Between  points  C  and  D  the 
flow  attains  its  lowest  value,  while  the  arterial  pressiu"e  rises 
to  its  highest  level  The  excitation  having  been  discontinued 
at  B  the  flow  and  the  pressing  show  a  gradual  return  to  normal 
atX>. 

These  results  which  unmistakably  point  towards  an  active 
peripheral  obstruction  of  the  blood  flow,  were  obtained  several 
times  in  the  course  of  this  experiment.  As  the  vascular  field  had 
been  restricted  in  this  animal  to  the  central  duodenum,  it  must 
be  concluded  that  the  blood  vessels  of  this  organ  are  innervated 
by  nerves  which  ascend  from  the  coeUac  ganglion  by  way  of  the 
plexus  gastro-duodenalis  and  plexus  pancreatico-duodenalis.       « 
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THE  BODY  SURFACE  OF  FLOUNDERS  AND  ITS  RELA- 
TION TO  THE  GASEOUS  METABOLISM 

SERGIUS,  MORGULIS 

From  the  Wood»  Roll  Lahoratofy  of  the  Bureau  of  Fiaheries 

Received  for  publication  November  21,  1914 

It  is  an  obvious  fact  that  the  surface  of  every  organ  bears  an 
important  relation  to  its  function,  and  nature,  by  employing 
various  means,  has  given  to  small  masses  surfaces  a  thousand 
times  or  more  greater  than  would  follow  from  their  geometrical 
form.  One  thinks,  naturally,  of  the  lung,  occupying  a  relatively 
small  volume  of  the  chest,  but  which  has  an  exposure  to  the  air 
representing  an  area  of  several  thousand  square  meters,  thanks 
to  imumierable  branches  of  the  bronchi  ending  in  minute  alveoli. 
The  blood  which  receives  oxygen  in  the  lung  and  distributes  it 
to  the  various  tissues  is  assisted  in  this  office  to  an  amazing 
degree  by  the  great  number  of  minute  elements  carrying  oxygen, 
the  red  blood  corpuscles,  whose  composite  surface  is  very  great 
as  compared  to  their  total  mass.  Such  examples  could  be 
easily  multiplied  but  even  those  already  referred  to  suffice  to 
point  out  the  physiological  significance  of  surfaces. 

The  outside  surface  of  the  entire  organism,  on  the  contrary, 
tends  to  approach  as  nearly  as  possible  the  geometrical  minimum, 
apparently  to  reduce  the  area  of  contact  with  the  surrounding 
medium  and  thus  prevent  unnecessary  loss  of  heat.  The  expo- 
sure must,  therefore,  be  comparable  for  all  organisms  in  so  far 
as  it  represents  the  smallest  surface  compatible  with  their  mass. 
It  is  hereby  assumed  that  the  specific  gravity  is  the  same,  which 
may  be  the  case  under  similar  physiological  conditions.  It  must 
likewise  be  specified  that  this  law  of  the  minimum  exposure 
may  be  counteracted  by  some  special  provisions  for  preventing 
the  loss  of  heat,  such  as  thickness  of  the  skin  or  the  nature  of  its 
coveringt 
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The  measurement  of  surface  has  been  rarely  undertaken  be- 
cause of  its  many  difficulties.  In  the  case  of  the  higher  mam- 
mab  the'  prevailing  methods  are  so  cumbersome  as  to  dUcour^e 
their  extensive  use.  As  the  consideration  of  surface  relations, 
however,  has  attained  much  importance  in  the  physiology  of 
metaboUsm,  a  careful  investigation  seemed  to  me  highly  desir- 
able. For  this  purpose  I  availed  myself  of  the  flounder,  whose 
flat  body  can  be  easily  and  accurately  measured.  The  method 
was-  extremely  simple.  The  flounders  were  killed  by  pithii^ 
and  weighed  after  the  last  traces  of  adherent  water  were  re- 
moved. They  were  then  laid  flat  on  a  stiff  sheet  of  paper  with 
the  fins  fully  spread  out,  and  an  outline  of  the  body  was  traced 
with  a  sharp  pencil.  The  fins  were  then  trimmed  off  close  to 
the  body,  and  an  outhne  was  again  made  of  the  flnless  animal. 
The  weight  was  again  determined,  and  a  third  outline  made 
of  the  upper  part  of  the  specimen,  which  generally  has  a  slight 
curvature.  The  area  of  this  part  of  the  flounder  could  be  traced 
easily  by  rotatii^  the  flounder  on  its  long  axis.  The  surface 
was  gotten  from  these  three  outlines  which  were  measured  by 
means  of  a  planimeter.  The  maximum  len^h,  width  and  thick- 
ness of  each  specimen  were  likewise  noted. 

If  the  specific  gravity  of  the  body  were  one — in  other  words, 
if  its  mass  and  volume  were  equal,  the  surface  could  be  expressed 
by  the  simple  formula  S  =  k'W'  where  W  is  the  weight.  As  a 
matter  of  fact  the  siu-face  is  invariably  greater  than  this,  and 
under  normal  conditions  is  expressed  by  the  formula  S  =  K  t  W, 
where  S  is  the  surface  and  K  a  constant  factor.  In  metabolism 
studies  this  factor  K  determined  for  some  particulw  animal  has 
been  applied  to  a  wide  range  of  physiological  conditions.  It 
will  be  shown  in  this  report  that  results  obtained  in  this  way 
are  highly  unreliable. 

By  actually  measuring  the  total  surface  of  a  large  number  of 
flounders,  I  computed  the  value  of  the  factor  K  from  the  above 
formula.  A  glance  at  ihe  subjoined  table  1  will  convince  one  that 
a  very  definite  relation  exists  between  surface  and  weight.  The 
value  of  K  ranges  from  12.00  to  14.87  and  from  7;82  to  9.69  for 
flounders  with  and  without  fins  respectively.    An  exajnination 
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of  the  column  of  constants  reveals  that  as  the  weight  of  the 
flounders  increases  the  value  of  K  tends  to  be  smaller  Aveng- 
ing all  the  recorded  values  of  K  for  flounders  less  than  10  cm. 
long,  we  find  that  it  is  13.48  and  8.67  respectively;  for  floubders 
of  over  10  cm.  in  length  the  average  value  of  K  is  13.37  and  8.25 
respectively.  For  the  entire  lot  of  about  forty  specimens  the 
average  is  13.44  (or  8.5  exclusive  of  the  fins). 

The  sUghtly  higher  constant  for  small  flounders  may  per- 
haps suggest  that  they  have  a  proportionately  larger  surface, 
but  I  am  strongly  convinced  that  it  is  due  to  the  fact  that  they 
are  frequently  more  poorly  nourished  than  their  more  success- 
ful competitors  for  food,  the  larger  flounders.  At  any  rate, 
fasting,  as  will  be  shown  later,  invariably  causes  a  very  consider- 
able increase  in  the  value  of  K. 

An  examination  of  the  data  pertaining  to  the  other  measiu^- 
roents  of  each  flounder  shows  some  very  interesting  things.  It  will 
be  observed  that  the  width  and  especially  the  thickness  change 
very  slowly  in  comparison  with  the  weight,  but  the  length  (from 
the  tip  of  the  snout  to  the  base  of  the  caudal  fin)  varies  directly 
with  it.  Thus,  with  the  maximxmi  thickness  increasing  three- 
fold— 0,65  to  1.95  cm. — the  body  weight  changed  from  5.7  gram 
(average)  to  148.2  grams,  or  26  times.  For  a  similar  increase 
in  width — from  1.8  to  5.4  cm. — the  body  weight  changed  from 
1.45  grams  to  43.5  grams,  or  30  times.  In  both  instances,  how- 
ever, the  length  changed  from  6.85  to  19,80  cm.  and  from  4.6 
to  13.0  cm.  respectively;  i.e.,  in  either  case  practically  in  the 
same  ratio  as  the  weights  (1  -j-  3).,  The  close  relation  between 
the  weight  and  length  is  of  much  importance,  as  it  affords  a 
means  of  estimating  the  weight  when  the  length  is  known,  and 
vice  versa. 

TKe  weight  of  the  fins  forms  a  comparatively  small  portion 
of  the  total  mass  of  the  fish,  as  will  be  seen  by  the  figures  of  the 
third  column.  It  will  be  noticed  also  that  as  the  flounder  grows 
bigger  and  heavier  the  fins  become  relatively  lighter.  The  sur- 
face of  the  fins,  however,  represents  30-40  per  cent  of  the  total 
body  surface.  It  is,  therefore,  possible  to  cause  a  considerable 
reduction  of  surface  without  appreciably  affecting  the  weight 
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of  the  fish  by  cutting  off  the  fins.  If  the  rate  of  metabolism 
depended  upon  the  surface,  as  some  believe,  it  would  be  natural 
to  expect  a  drop  in  the  oxygen  consumption  concomitant  with 
the  removal  of  the  fins.  E:iperiments  bearing  on  this  question 
are  described  below. 

A  series  of  experiments  were  performed  with  three  small 
flounders  for  the  purpose  of  finding  out  the  rate  of  oxygen  con- 
sumption with  a  normal  and  reduced  body  surface.  The  results 
recorded  in  the  first  part  of  the  table  below  show  a  considerable 
range  of  variation  depending  upon  the  state  of  nutrition  and, 
especially,  the  behavior.  After  one  week's  experimentation  all 
the  fins  were  removed  in  two  specimens,  while  in  the  third — 
the  smallest —  only  the  left  fin  was  removed.  The  animals  were 
apparently  little  discMnforted  by  this  operation,  swam  about 
at  times  quite  actively  and  ate  the  food.  Several  experiments 
were  then  performed  under  conditions  similar  to  those  of  the 
previous  set.  It  will  be  noticed  from  the  results  of  the  second 
part  of  the  table  that  the  oxygen  consumption  per  gram-hour 
is  not  different  frran  what  it  had  been  before  the  fins  were  re- 
moved (except  when  the  animals  have  been  particularly  restless) 
and  the  surface  thereby  diminished. 

As  the  second  part  of  the  experiment  in  the  foregoing  series 
was  performed  several  days  after  the  operation  a  few  other 
experiments  were  made  to  determine  the  more  immediate  effect 
of  r^noving  the  fins.  A  flounder  weighing  7.65  grams  was  tised. 
In  a  preliminary  experiment  it  was  found  that  its  oxygen  con- 
sumption per  gram-hour  was  0.179  cc.  At  the  close  of  the  experi- 
ment all  fins  were  removed  and  about  an  hour  hiter  a  new  ex- 
periment performed  under  precisely  the  same  conditions.  The 
oxygen  consumption  per  gram-hoiu*  was  0.172  cc.  this  time. 
This  flounder  died  the  next  day. 

In  the  case  of  another  flounder  we^hing  9.58  grams  the  oxygen 
consumption  before  and  after  the  operation  was  0.177  cc.  and 
0.154  cc.  per  gram-hour  respectively.  In  either  case  the  diminu- 
tion in  weight  occasioned  by  the  removal  of  the  fins  was  insig- 
nificant (2.5-3.1  per  cent),  but  the  surface  was  reduced  by  fully 
one-third. 
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rtmnmiii 

A 
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c 

A 

B 

C 

VII.    4 
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VII.    6 

VII.    7 
VII.    8 
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#IR. 
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7.59 
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0-192 
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0.154 
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0.181 
0.241 

24  boMn  aft«r  feeding. 

24  h™™  fsBting   (A,   48  houro). 

A  and  B  somewhat  reatleas. 
14  houn  after  feeding.    A  very 

reatieBS. 
Not  fed.    B  somewhat  reBtless. 
Only  C  took  food.    A  reetless. 
Fed  Uberally  nac«  July  8.   - 

VII.  13 
VII.  14 
VII.  18 

VII.  19 
VII.  23 

7.46 
7.27 
7.20 

7.31 

3.76 
3.76 
3.44 

3.34 
3.45 

1.63 

1,58 
1.72 

1.66 
1.86 

0.20S 
0.253 
0.171 

0.192 
0.192 

0.252 
0.264 
0.174 

0.185 
0.19fl 

0.19S 

0.191 
0.321 

0.209 
0,268 

24  hours  after  feeding  A  and  B 

very  reetlecs. 
A  and  B  very  reatlewl    Not  fed 

yesterday. 
Fed  freely  several  days.    Last 

feeding  about  24  hours  before 

experiment. 

eUghtly  mtleas. 
Fed    regularly    tiU    yesterday. 
Fins  have  regenerated  appre- 
ciably. 

Still  another  experiment  was  perfonned  with  a  la*^  flounder 
weighing  49.58  grams.  Before  the  operation  its  o^O'gen  con- 
sumption per  gram-hour  was  0.101  cc.,  but  after  the  operation 
0.116  cc.  This  increase  is  rathw  noteworthy,  especi^y  ance 
owing  to  the  loss  of  the  fins  the  flounder  kept  exceedingly  quiet 
during  the  second  part  of  the  e:q>eriment.  I  am  strongly 
inclined  to  beheve  that  the  strong  contraction  of  the  muscles  of 
the  body  which  immediately  resulted  from  the  removal  of  the 
fins  is  responsible  for  this  increased  demand  for  oxygen.  Dur- 
ing the  followii^  couple  of  days  the  oxygen  consumption  dropped 
very  con^derably,  but  the  animal  was  sickly  and  soon  died. 
More  experiments  with  large  flounders  will,  iiierefore,  be  neces- 
sary to  determine  the  effect  of  the  removal  of  the  fins. 

Under  Rubner's  influence  the  general  bdief  prevails  that  the 
gaseous  metabolism  is  proportional  to  the  body  surface,  and  that 
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per  unit  of  area  it  is  the  same  for  all  animals.  The  theoretical 
bams  for  this  generalization  is  the  simple  physical  principle  of 
radiation  of  heat  which  is  proportional  to  the  exposed  surface. 
Since  the  metabolic  processes  are  associated  with  the  production 
of  heat,  the  latter  d^ending  lai^ely  upon  the  rate  of  its  dissi- 
pation to  the  outside  environment,  the  metabolic  processes 
must  bear  a  direct  relation  to  the  surface.  The  figures  gener- 
ally given  in  support  of  this  generalization  cannot,  without 
a  stretch  of  the  imagination,  form  a  solid  foundation  for  it. 
Ptitter,'  indeed,  is  very  anphatic  in  pointing  out  the  great 
variability  of  these  figures  and  in  his  contrition  that  the  body 
surface  has  no  relation  to  metabolic  processes.  But  the  lack  of 
actual  measurements  of  surface,  above  everything  else,  deprives 
Rubner's  theory  of  its  scientific  value. 

Id  the  table  that  follows  data  which  have  been  gathered  at 
different  times  are  brought  together.  These  throw  an  entirely 
new  light  on  this  problem.  The  weight,  surface  and  oxygen  re- 
quirements have  been  actually  measured.  In  a  few  instances 
the  surface  was  not  measured  at  the  same  time  when  the  weight 
was  determined.  In  these  cases  both  the  actually  found  surface 
and  the  theoretically  expected  surface  are  recorded.  The  dif- 
ference between  these  two  is  of  litMe  significance. 
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It  must  be  inferred  from  these  results  that,  while  per  tmit  of 
body  weight  the  oxygen  consumption  diminishes  as  the  size 

'  patter,  August,   1011.    Active  Ober6&che   und  Or^anfunktion,  Zeitschr.  f. 
allg.  Pbyaiol.,  12,  I2S-214. 


dbyGoogIc 


214 


SERGIII8   HOROULIS 


of  the  flounder  increases,  the  oxygen  consumption  per  unit  of 
body  surface  increases  very  regularly.  In  other  words,  the 
larger  the  flounder  the  larger  its  oxygen  requirements  per  square 
cm.  This  very  obviously  results  from  the  direct  dependence 
of  the  metabohc  exchange  upon  the  mass  of  the  organism  which 
grows  more  rapidly  than  the  surface. 

The  value  of  K  is  nearly  constant  so  long  as  the  physiological 
conditions  remain  the  same.  We  are,  therefore,  quite  Unjustified 
in  computing  the  surface  of^a  fasting  organism,  for  instance, 
from  the  formula  S  -  K-\/W*  as  ia  the  common  practice,  usii^  * 
the  value  K  established  for  a  normal  individual.  There  are  two 
reasons  for  this :  first,  the  body  surface  does  not  diminish  in  the 
same  ratio  as  the  body  weight;  second,  the  specific  gravity  is 
lower  than  normal  owing  to  the  greater  content  of  water  in  the 
fasting  organism.  Measurements  of  surface  reveal  tiiat  these 
two  factors  conspire  to  raise  the  value  of  K.  In  the  following 
table  are  given  the  results  obtained  from  the  study  of  several 
flounders  which  iiave  been  deprived  of  food  for  5  to  28  days. 
At  the  close  of  the  fastii^  experiment  both  the  weight  and 
surface  of  each  specimen  were  carefully  measured.  Comparing 
these  data  with  those  recorded  in  the  first  table  it  is  seen  that 
the  area  of  the  organism  has  changed  only  to  a  very  sUght  de- 
gree. It  will  also  be  of  interest  to  observe  that  the  relative 
weight  and  the  proportion  of  the  area  covered  by  the  fins  at  the 
end  of  a  long  fasting  period  remains  practically  the  same  as  before 
fasting. 


1    ^^^^ 

.HTTl 

1  irn 

„. 

5 

viLn»o» 

r 

g 

BE 

P 

I 

J 
1 

1 
1 

g5 

j 

11 

1 

1 

V 

1 

1 

Z, 

™. 

fZ, 

a 

O.TM 

n*\h 

0.J7D 

i.K 

S.iO 

l.M 

nm 

M.IB 

1111 

la.si 

(1 ») 

MR 

mi 

1113 

111 

S.aD  i  2.1SI 

son 

<l« 

117 

!!  in 

la.fli 

J9 1; 

J9,«|  !8.« 

17  41 

17  0 

10.7B 

n.n  M.7I 

33. h]  S4.J1 

IB.Sl 

17.7 

lO.SS 

n 

,i:n 

2.11b 

s 

44.S    |41.te 

^D.M 

.... 

S.l 

l.M 

11 .401*2.  IS 

187. 0! 

i»-;8.oi-i 

3«.S 

is.j; 

8W 

db,Google 


BODY  SURFACE   AND   GASEOUS   METABOLISM 


215 


The  value  of  K,  which  for  normal  flounders  has  been  found 
to  be  13.44,  varies  from  17.09  to  20.21  and  from  10.37  to  13.23 
for  flounders  with  and  without  the  fins  respectively.  (The  case 
of  the  large  floimder  where  the  fast  was  too  short  to  induce  a 
noticeable  change  is  neglected.)  The  initial  surface  is  estimated 
by  two  methods.  First,  the  value  of  K  is  computed  from  the 
formula  S  =  \/Wi*,  where  TTi  — the  initial  weight— is  substituted 
for  TT  — the  final  weight.  From  the  average  of  these  constants 
the  deviation  from  the  normal  is  determined,  which  in  this  case 
is  about  2.5  per  cent,  and  a  corresponding  correction  is  intro- 
duced in  the  total  surface.  The  second  method  consists  in  es- 
timating the  initial  siu^ace  with  the  aid  of  the  average  con- 
stant {K  =  13.44)  which  has  been  established  for  normal 
flounders. 

If  one  c<Hnpares  the  oxygen  consumption  of  the  first  four 
floimders  at  the  b^inning  and  end  of  the  fast  the  interesting 
thing  appears  that  per  square  cm.  the  oxygen  decreases  in 
every  instance  to  from  one-third  to  two-thirds  of  the  original 
amount.  If,  however,  the  final  body  surfac&— which  in  this 
ejqjeriment  has  been  actually  measured— were  estimated  from  the 
final  weight  with  the  aid  of  the  constant  13.44,  as  is  generally 
practiced,  it  would  be  foimd  that  at  times  the  oxygen  consump- 
tion per  square  cm.  remains  unchained.  This  is  shown  in  the 
table  below : 
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PIB  M.  CM. 

AND  BOCB 

„.....»«. 

^;.%"^.'s."- 

13,14) 

FBBsg-cu. 

11.41 
29.17 
34.76 
38.82 

0.015 
0.026 

0.022 
0.027 

11.24 
28.60 
34.25 
38.25 

0.010 
0.019 
0.011 

o.oos 

7.47 
22.44 
31.67 
30.84 

0.015 
0.024 
0.012 

0.011 

It  is  obvious,  therefore,  that  a  scientifically  imqualified  trust 
in  mere  computation  is  probably  responsible  for  the  broad 
generalization  according  to  which  the  metabohc  procMses  are  the 
same  when  referred  to  the  unit  of  surface.  The  coincidence 
of  the  data  for  the  oxygen  consumption  per  square  cm.  in  the 
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first  two  cases  may  serve  as  a  wamii^  against  oonclusiona  which 
have  been  drawn  without  any  foundation  or  reference  to  tiie 
facts. 

The  following  coucluaims  may  be  drawn  from  the  above  in- 
vestigation. The  surface  of^flounders  can  be  computed  by  the 
ordinary  formula  S  =  K\^*,  wherd>y  the  average  value  (rf  the 
constant  factor  K  for  normal  flound«s  has  been  found  to  be 
13.44.  This  coincides  vray  closely  with  the  value  which  has 
be^t  found  for  higher  oi^nisms. 

The  metabolic  processes  of  the  flounder  bear  direct  relation 
neither  tothe  weij^t  nor  surface  of  the  flounder,  the  oxygen  oon- 
sumptk>n  per  grakn-hour  HiTniniHTiing  but  increasing  per  square 
centimeter-hour  as  the  flounders  become  larger. 

Removal  of  the  fins,  causii^  a  reduction  of  surface  of  over 
30  per  cent  without  materiaily  changing  the  mass  of  the  flounders, 
does  not  affect  the  oxygen  consumption,  provided  no  disturbing 
factors  are  present.  Under  these  conditions  the  oxygen  con- 
sumption is  proportional  to  the  mass. 

The  value  of  K  chaises  according  to  the  physiological  state 
of  the  oifanism.  For  fasting  floimders,  owing  to  the  fact  that  the 
surface  does  not  diminish  in  the  same  ratio  as  the  mass,  and  the 
specific  gravity  of  the  body  also  deceases,  the  value  of  £  is 
consideraUy  higho*  than  normal  and  must  be  determined  in  each 
individual  case. 
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GLYCEMIA OF  PANCREATIC  DIABETES 

A.  J.  CARLSON  AND  H.  GINSBURG 

From  the  Hidl  Phj/riologietd  Loboratory  of  the  Umvenity  of  Chicago 

Received  for  publicstion  November  24,  1914 

It  has  been  shown  that  late  pregnancy  prevents  the  charac- 
teristic onset  of  severe  diabetes  following  complete  pancreatec- 
tomy. To  account  for  this,  the  suggestion  was  made  that  in 
pregnancy  near  term  the  internal  secretion  from  the  fetal  pancreas 
passes  into  the  maternal  blood  in  sufficient  amount  to  maintain 
the  nonnal  carbohydrtate  metabolism.' 

In  the  previous  work  the  presence  or  absence  of  diabetes  was 
determined  by  urine  examination  alone.  There  is  a  mere  possi- 
bility that  late  pr^^nancy  in  di^s  may  have  some  injurious  action 
on  the  kidneys  so  as  to  diminish  or  prevent  the  excretion  of 
sugar,  in  which  case  we  might  have  the  hyperglycemia  of  diabetes 
without  glycosuria.  This  po^ibility  has  liow  been  tested  on 
four  pregnant  dogs  near  term,  and  we  desire  to  place  on  record  a 
summary  of  our  results  in  tiie  present  report. 

EXPERIMBNTAL  PROCBDURB 

1.  Blood  SttgoT  V 

The  blood  su^ar  was  detennined  by  the  Ronar-Michaelis 
method. 

g.  Drawing  Blood 

The  blood  (about  5  cc.)  was  drawn  either  from  the  saphenous 
vein  by  a  hypodermic  needle,  or  from  the  tail.  If  sufficient  care 
is  taken  there  is  no  pain  or  struggling  to  caxtse  temporary  hyper- 
glycemia, even  when  no  local  anaesthesia  is  Mnployed. 

p.  391;  Carlson,  Orr  and 
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In  every  case  a  sample  of  normal  blood  was  drawn  before  the 
pancreatectomy  and  at  varying  intervals  after  the  operation  un- 
til the  pups  were  bom.  The  animal  was  watched  as  closely  as 
possible  night  and  day  so  that  samples  of  blood  could  be  drawn 
at  the  onset  of  labor  and  also  after  parturition. 


We  succeeded  in  getting  only  ten  suitable  dogs,  as  the  pregnant 
bitches  near  term  are  not  readily  obtained.  Complete  pan- 
createctomy was  made  in  all  of  these  dogs,  but  six  yielded  no 
results,  as  abortion  occurred  within  seven  to  twenty-one  hours 
after  the  operation. 

Pregnant  Bitch  I 

The  normal  blood  sugar  content  in  this  animal  before  pan- 
createctomy was  0,08  per  cent.  The  following  eight  hours  after 
the  operation  there  was  a  marked  hyperglycemia.  This  is  prob- 
ably post-anaesthetic  and  post-operative  hyperglycemia.  Twelve 
hours  later  the  blood  sugar  returned  to  its  normal  level  and  re- 
mained there  for  the  subsequent  thirty-one  hours.  The  dog 
remained  in  good  spirits.    When  labor  set  in  there  was  an  abrupt 


BiUh  I,    Complete  pancreaUclamy  May  tS,  19H. 
Recovery  good.    No  injection 


-o™  .«.«,,*.« 

.„..„•.. 

*  Dog  in  labor,  one  pup  born. 

>  Five  pups  bom,  experiment  discontinued. 
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rise  in  the  blood  sugar  to  the  high  level  (0.20  per  cent)  present 
in  experimental  pancreatic  diabetes  and  in  the  typical  clinical 
condition  of  "severe  diabetes"  in  man.  The  fact  that  the  blood 
sugar  rose  and  rem&ined  at  this  level  indicated  that  the  pancrea- 
tectomy was  complete.    This  was  verified  at  necropsy. 

Pregnant  Bitch  II 

After  the  operation  this  dog  was  given  a  daily  diet  of  150  cc. 
goat's  milk,  100  grams  of  lean  meat,  and  plenty  of  water.  Fol- 
lowing the  initial  post-operative  hyperglycemia  this  dog  ran  a 
typical  normal  blood  su^ar  curve  up  to  noon  of  the  fifth  day 
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(112  hours)  when  the  dog  went  into  labor.  A  blood  sample 
taken  then  showed  0.15  per  cent  sugar.  Another  sample  taken 
three  hours  later  showed  0.20  per  cent.  As  the  animal  was 
weak  and  the  uterine  contractions  apparently  very  feeble,  we 
feared  that  she  would  not  be-  capable  of  delivering  the  pups, 
and  decided  to  perform  a  Caesarean  section,  but,  unfortunately, 
while  preparii^  for  this  operation,  the  bitch  was  accidentally 
killed.  At  autopsy  one  pup  was  found  engaged  in  the  vagina 
and  nine  others  were  found  in  utero,  of  these  five  were  still  living. 
The  pups  were  practically  at  full  term.  The  duodenum  was 
carefully  examined  but  no  trace  of  pancreatic  tissue  was  found. 
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Pregnant  Bitch  II.    Complete  pancreatectomy  June  19, 
I91i.     Recovery  good.    No  infection 


Normal 0.100 

3  hours  after  pancreatectomy 0.270 

10  houTB  after  pancreatectomy ,  0.150 

12  hours  after  pancreatectomy 0.147 

19  hours  after  panorcatectomy ;  0.087 

27  hours  after  pancreatectomy 0,105 

40  hours  after  pancreatectomy !  0.123 

67  hours  after  pancreatectomy..., j  O.IOI 

100  hours  after  pancreatectomy '  0.119 

112  hours'  after  pancreatectomy |  0.150 

115  hours'  after  pancreatectomy i  0.200 

■  '  Dog  in  labor. 

*  Dog  accidentally  killed;  10  pups  in  utero. 

Pregnant  Bitch  III 

This  dog  retained  her  fetuses  thirty-one  hours,  when  abortion 
occurred  and  three  premature  pups  were  delivered.  The  sample 
of  blood  taken  just  before  abortion  revealed  a  blood  sugar  con- 
tent of  0.23  per  cent,  showing  that  the  break  between  the  Uterus 
and  the  pups  had  already  occurred.    The  fact  that  the  blood  sugar 


Pregnant    Bitch    III. 


Pancrealeclomy    July    14,    1914. 
'o  infection 


Normal 

3  hours  after  pancreatectomy. . 

9  hours  after  pancreatectomy, . 
12  hours  after  pancreatectomy. . 
17  hours  after  pancreatectomy. . 
25  hours  after  pancreatectomy. . 
31'hours  after  pancreatectomy., 
43  hours  after  pancreatectomy. . 

'  Three  pups  bom. 


0.097 
0,160 
0.160 
Q.15G 

o.ieo 

0.159 
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never  completely  returned  to  its  normal  level  would  seem  to  be 
due  to  lack  of  sufficient  pancreatic  tissue  in  the  three  pups,  es- 
pecially as  these  pups  were  premature  (about  three  weeks  of 
term).  At  subsequent  autopsy  no  pancreatic  tissue  was  found 
in  the  mother. 

Pregnant  Bitch  IV 

This  dog  retained  the  fetuses  two  full  days,  and  except  for 
a  temporary  post-operative  rise  the  blood  sugar  was  sUghtly 
above  normal  throughout.    There  was  no  sugar  in  the  urine. 
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Pttgnani  Bileh  IV.    PancreaUciomy  July  31, 191  i.    Good 
recovery.    No  infection 


Normal 

7  hours  after  pancreatectomy. . . 
19  houra  after  paacreateetomy. . . 
24  hours  after  pancreatectomy. . , 
31  hours  after  pancreatectomy. . , 
43  hours  after  pancreatectomy. . . 
48  hours*  after  pancreatectomy, , 
52  hourS<  after  pancreatectomy. . 
fiS  hours  after  pancreatectomy... 
67  hours  after  pancreatectomy. . . 

137  hours  after  pancreatectomy, , . 

159  hours  after  pancreatectomy. . , 

1  Two  pups  bom. 
*  Six  pups  bom. 


O.UO 
0.200 
0.130 
0.140 
0.11ft 
0.114 
0.113 
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Two  pups  were  bom  at  the  end  of  the  forty-eight  hours,  but  the 
btood  sugar  was  not  affected  in  the  least,  as  there  were  still  six 
fetuses  in  the  uterus.  When  these  fetuses  severed  their  con- 
nection with  the  maternal  organism  four  hours  later,  the  blood 
sugar  rose  immediately.  No  pancreatic  ti^ue  was  found  at 
autopsy. 

SUMMARY 

Total  extirpation  of  the  pancreas  in  non-pregnant  dogs  results 
in  the  onset  of  pancreatic  diabetes  within  seven  to  twelve  hours. 
Complete  pancreatectomy  in  pr^piant  bitches  near  term  is  not 
followed  by  hyperglycemia  and  glycosuria,  etc.,  as  lor^  as  the 
fetuses  are  aUve  and  the  placental  connections  are  not  severed. 
At  the  onset  of  labor  the  blood  sugar  begins  to  rise,  so  that  the 
hyper^ycemia  with  consequent  glycosuria,  characteristic  of  pan- 
creatic as  well  as  severe  clinical  diabetes  is  establidied  on  the 
completion  of  the  delivery. 

This  absence  of  diabetes  may  be  due  either  to  a  secretion  from 
the  fetal  pancreas  reaching  the  maternal  blood,  or  to  some  de- 
toxicating  action  on  the  part  of  the  fetal  pancreas.  We  hope  to 
definitely  prove  or  disprove  the  first  possibility  by  transfusion 
experiments  now  in  progress. 
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ON  THE  VALIDITY  OF  INDUCTORIUM  CALIBRATIONS 

E.  0.  MASTIN 
Frimt  iht  Laboratory  of  Phyriology  in  Ute  Harvard  Medieal  ScAooI 

Received  for  pubtioation  November  30,  19H 

As  the  result  of  an  extended  study,  with  the  aid  of  the  string 
galvanometer,  of  induction  shocks  generated  under  various  con- 
ditions Erlanger  and  Gairey*  have  recently  pointed  out  certain 
differences  in  rate  of  growth,  amplitude,  duration,  or  contained 
current  that  may  be  shown  by  induction  shocks  of  eqmvalent 
physiological  intensity.  On  the  basis  of  these  observed  differ- 
ences they  are  inclined  to  question  the  validity  of  the  systems 
of  inductorimn  cahbration  now  in  vogue.  Inasmuch  as  I  have 
developed  and  used  one  such  system*  I  desire  to  consider  its 
validity  in  the  light  of  their  observations. 

Degree  of  accuracy  rehired.  When  an  induction  shock  trav- 
erses a  mass  of  living  tissue  the  current  composing  the  shock 
distributes  itself  amoi^  the  various  conducting  pathways  of  the 
tissue  accordii^  to  their  relative  resistances,  in  obedience  to  the 
law  of  divided  circuits.  Of  these  various  conducting  pathways 
many  doubtless  are  non-irritable,  so  that  the  physiological  effect 
of  the  shock  is  exerted  only  by  that  part  of  it  which  comes  into 
direct  contact  with  irritable  tissue.  This  irritable  tissue,  moreover, 
is  undoubtedly  in  a  state  of  unstable  electrolytic  eqxiUibrium, 
undergoing  frequent  variations  in  conductivity,  especially  as 
the  tissue  becomes  active  in  response  to  the  stimulus  of  the  shock 
itself.  Furthermore,  the  structure  of  most  tissues,  with  non- 
.  conducting  lipoid  membranes  distributed  throughout  the  general 
conducting  mass,  is  that  of  a  system  of  condensers,  so  that  we 
have  to  reckon  with  the  phenomenon  of  capacity,  and  varying 
capacity,  as  well  as  with  the  other  variables  involved.    In  view 
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of  these  facts  one  may  reasonably  anticipate  that  shocks  vhich 
may  be  perfectly  superimposed  physically  will  produce  different 
physiolc^cal  effects  at  different  times  in  one  and  the  same  tissue. 
As  a  matter  of  fact  such  differences  of  effect  do  occur  constantly. 
We  speak  of  them  as  due  to  changes  of  irritability  in  the  tissue, 
atthot^  in  reaHty  they  are  doubtless  often  the  result  of  changes 
in  the  distribution  of  the  currents  among  the  different  conduct- 
ing pathways,  irritable  and  non-irritable,  therein.  One  may 
well  wonder,  not  that  tissues  display  variations  in  responsiveness, 
but  that  th^  ever  remain  bo  constant  as  they  frequently  do. 

I  have  only  fmgmentary  data  oonceming  the  extent  of  error 
which  may  result  from  the  sources  just  mentioned.  On  the  basis  of 
such  as  I  have  my  practice  has  been  to  assume  that  the  error  may 
often  amount  to  10  per  cent  of  the  initial  value  of  the  stimulus. 
Since  these  sources  of  emn-  are  inevitable  in  all  physiological 
employment  of  induction  shocks  I  take  the  view  with  regard  to  the 
quantitative  use  of  such  shocks,  held  generally  by  workers  in 
science,  that  refinem«it  of  one  portion  of  a  procedure  beyond  the 
inherent  error  of  othu*  portions  is  not  only  unnecessary,  but  is 
likely  to  convey  an  impression  of  greater  accuracy  tium  actually 
exists.  In  my  own  researches  I  do  not  base  conclufdons  on 
observed  differences  amounting  to  less  than  10  per  cent  unless 
they  occur  so  frequently  under  particular  conditions  as  to  afford 
assurance  that  they  are  not  accidental.  In  the  development  of  an 
inductorium  calibration  for  physiological  use,  therefore,  I  feel 
that  as  a  criterion  for  stimuli  that  are  to  be  rated  as  physiol<^- 
cally  equivalent,  exact  phyEdcal  superimposability  is  exc«»ive. 

In  1908  I  ui^ed  the  importance  of  the  physioI(^caI  criterion 
as  the  propo-  basis  for  a  phyBiol<^caI  evaluation  of  induction 
shocks.*  That  position  I  still  hold,  and  t^e  particular  question 
I  wish  to  consider  in  this  paper  is  whethw  the  calibration  I 
have  devdoped  satisfies  reasonably  the  ph)^ol<^cal  criterion. 
The  problem  presents  itself  in  two  phases:  (1)  does  the  calibra- 
tion afford  vahd  basis  for  comparisons  of  rdative  stimulation 
strengths  on  any  one  coil,  and  (2)  can  valid  comparisons  be  made 
between  different  coib? 

■  Martin:  This  Jounul,  xxii,  1908,  116. 
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The  edl3>ration  curve  a»  an  expression  of  relative  sUmvkition 
values.  To  express  relative  Btdmulation  values  for  the  various 
positiODS  of  the  secondary  coil  with  respect  to  the  primary, 
resort  has  been  had,  in  most  of  the  syntinoB  thus  far  proposed, 
to  curves  based  on  determinations  of  the  relative  amounts  of 
contained  current  in  ahocks  generated  at  the  different  secondary 
coil  positions,  by  the  break  of  a  fixed  primary  current.  Erlanger 
and  Gairey  object  to  this  method  (p.  442)  on  the  strength  of 
observations  in  which  they  showed  that  approximating  the  coils 
modifies  so  profoundly  the  contour  of  the  shocks  that  physiologi- 
cally equivalent  fractions  include  difioent  amoiints  of  con- 
tained currmt.  In  iqaking  these  observations  Erlanger  and 
Garrey  desired  to  »void  variations  in  the  total  resistanoe  of 
the  seciHulaiy  circuit,  lliey  therefore  used  a  low  resistance 
^unt  (32  <^uns)  across  the  terminals  of  their  secondary  ooil,  and 
led  off  from  this  throu^  their  test  muscles  threshold  fractions. 
A  necessary  result  of  this  arrangement  was  that  to  get  fractional 
shocks  of  threshold  magnitude  the  secondary  coil  had  to  be 
brought  into  the  immediate  region  of  the  primary.  In  one  coil 
tiney  used  positions  12.2  cm.  and  0  cm.;  in  another  11.1  cm.  and 
0  CBx.  (p.  441).  I  pointed  out  in  my  first  presentation  of  a  cali- 
bration scheme^  that  in  induotoria  with  iron  cores,  such  as  Er- 
langer and  Garrey  used,  the  relation  of  contained  current  to 
I^ysiolofpcal  efficiency  holds  for  different  secondary  positions 
only  over  the  outer  parts  of  the  field,  regions  beyond  the  influence 
of  the  iron  core.  That  this  relationship  does  hold  over  the  outer 
parts  of  the  field  I  have  proved  by  a  large  number  of  experi- 
ments in  which  more  than  a  doxen  different  inductoria  have 
been  used.  The  failure  of  agreement  of  contained  current  with 
physiological  ^cienoy  in  the  portions  of  the  field  where  the 
secondary  coil  overlaps  the  primary,  necessitates,  as  I  showed 
formeriy  (loc.  cit.),  the  abandonment  of  the  physical  criterion 
for  this  part  of  the  scale,  and  the  substitution  for  it  of  a  phys- 
iological criterion.  The  one  I  used,  the  v.  Fleischl  test,  was 
lued  also  by  Erlanger  and  Garrey  in  their  investigation,  and 
a[^>ears  to  be  valid  for  all  comparisons  for  which  threshold  stimuli 

•Martin:  Loc.  oit.,  121. 
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can  be  employed.  By  means  of  this  physiological  test  I  showed 
that  a  calibration  can  be  worked  out  for  the  part  of  the  field 
where  the  physical  criterion  fails,  and  that  the  calibration  so 
established  is  sufficiently  accurate  for  the  needs  of  phyuologists. 

The  infiuence  of  secondary  resistance  on  the  form  of  the  cali- 
hration  curve.  Erlanger  and  Garrey  point  out  (p.  445)  that  the 
effect  of  chan^ng  the  secondary  resistance  is  to  alter  the  con- 
figuration of  an  induction  shock,  and  also  to  modify  its  stimu- 
latii^s  effectiveness;  facts  which  have  been  noted  likewise  by 
earlier  observers.*  They  offer  the  opinion  that  this  effect  of  sec- 
ondary resistance  on  configuration,  taken  in  connection  with  the 
influence  of  approximating  the  secondary  coil  to  the  primary, 
and  with  possible  other  factors,  still  unknown,  complicates  the 
problem  of  evaluating  faradic  stimuli  beyond  present  possibility 
of  solution.  I  am  inclined  to  agree  with  them,  so  far  as  purely 
physical  means  of  evaluation  are  concerned.  Nevertheless, 
while  they  are  doubtless  correct  (save  for  the  inherent  variations 
noted  above,  p.  223)  in  their  statement  (loc.  cit.,  p.  447)  that 
shocks  would  be  equal  physiolc^cally  if  they  could  be  exactly 
superimposed  physically,  Erlai^er  and  Garrey  would  doubtless 
admit  the  posfflbility  of  the  existence  of  shocks,  equivalent  phys- 
iologically, which  could  not  he  superimposed  physically.  The 
working  physiologist  is  interested  in  the  physiological  equiva- 
lence of  shocks.  The  test  as  to  whether  they  are  thus  equivalent 
must  be,  in  the  last  analysis,  a  physiological  test.  Granting  that 
the  effectiveness  of  shocks  is  modified  by  variations  in  secondary 
resistance,  the  problem  is,  can  a  vaUd  method  be  worked  out  for 
takii^  this  modification  into  account? 

In  attacking  such  a  problem  one  must  consider  not  only  the 
effect  upon  physiological  intensity  of  chaises  of  resistance  when 
all  other  factors  remain  constant,  but  also  the  effect  of  such 
changes  in  connection  with  others  occurring  simultaneously.  An 
example  of  the  latter  situation  cited  by  Erlai^r  and  Garrey, 
and  by  them  urged  as  evidence  against  the  validity  of  inductorium 
caHbrations,  is  the  case  in  which  there  is  approximation  of  the 
secondary  coil  to  the  primary  in  connection  with  changes  in  sec- 

■  For  refeienoeB  see  Martin:  This  Journal,  xxvit,  1910,  226;  and  xsviii,  1911,  49, 
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ondary  resistance  (p.  447).  Although,  as  shown  above,  Erlanger 
and  Gairey  were  in  error  in  their  view  that  approximating  the 
secondary  coil  to  the  primary  invariably  distul-bs  the  relation- 
ship between  physical  and  physiological  intensity,  a  disturbance 
which  actiially  appears  only  in  that  restricted  portion  of  the  field 
comprehended  within  the  length  of  the  primary  coil,  it  will  per- 
haps be  instructive  to  consid^  the  question  they  r^se  with  the 
aid  of  the  physiological  criterion. 

If  simultaneous  changes  in  secondary  resistance  and  secondary 
coil  position  affect  the  physiological  efficiencies  of  shocks  so 
profoundly  as  Erlanger  and  Garr^  intimate,  obviously  a  calibra-  . 
tion  scale  for  the  various  secondary  position  which  holds  for  low 
resistancea  should  not  hold  for  high  ones.  To  test  this  point  I 
have  examined  a  number  of  the  experiments  I  performed  diiring 
the  period  1906-1910  in  connection  with  the  development  of  a 
calibration  schrane.  In  these  experiments  the  threshold  stimulus 
was  determined  for  various  secondary  positions  by  the  v.  Fleischl 
method.  Frogs'  gastrocnemius  muscles  and  fn^'  sciatic  nerves 
were  stimulated.  The  values  of  the  stimuh  were  expressed  in  Z 
unite.*  In  my  experiments  the  intensity  of  the  shocks  was  cut 
down  to  threshold  dimensions  by  cutting  down  the  primary  ciu"- 
rent,  instead  of  by  umng  a  shimt  as  did  Erlanger  and  Carrey. 

In  these  experiments  three  different  inductoria  were  used,  all 
of  the  general  type  recommended  by  me  for  quantitative  work,' 
having  secondary  coils  about  13  cm.  long,  with  approximately 
10,000  windii^.  I  have  collected  the  data  from  104  experiments. 
In  43  the  total  secondary  resistance  was  less  than  10,000  ohms, 
raiding  as  low  as  3,100  ohms;  in  24  the  secondaiy  resistance  fell 
between  10,000  and  20,000  ohms;  in  11  between  20,000  and 
30,000  ohms;  and  in  26  above  30,000  ohms.  I  will  report,  first, 
the  data  covering  the  outer  part  of  the  field  of  the  inductorium, 
the  r^on  where,  according  to  my  observations,^  the  physio- 
logical effects  of  shocks  are  proportional  to  their  "contained 
currents."  In  each  experiment  threeht^d  detenninations  were 
made  at  several  secondary  positions     In  each  of  eight  ^:periments 

*  Martin:  The  measurement  of  induction  shocks,  73. 
'  Martin:  Ibid.,  89. 

•  Martin:  This  Journal,  xxii,  1908,  121. 
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mkly  three  such  dotemiiiuitioQs  were  made  in  the  oixiat  part  of  the 
fidd,  namely,  beyond  12  cm.  In  each  of  the  remaining  ^  ei- 
perimeuta  four  or  more  determinations  were  made  in  this  region. 
If  the  cahbration  scale  is  correct,  and  the  irritability  of  the 
experimental  tissue  does  not  vary,  the  values  of  Z  for  any  <me 
experiment  should  be  constant  Approximate  constancy  over  a 
laige  series  of  experiments  suffices  to  establish  the  correctnees 
of  the  calibration.  In  each  experiment  I  determined  the  avei^ 
age  Z  from  all  the  values,  fomul  e}q>erimentally,  beyond  12  cm. 
Then  the  perc^itage  div^^enoe  from  thia  average  of  the  moet 
divei^cent  single  reading  was  calculated.  Comparisons  of  the 
numb^  and  extent  of  these  percentage  divergences,  under  di£f«r- 
ent  conditjonfi  as  r^ards  secondary  resistaiice,  afford  a  means  of 
judf^ug  fairly  whether  or  no  changes  in  secondary  resistance  affect 
the  validity  of  the  portion  of  the  calibration  scale  now  undo- 
consideration. 

In  the  43  experiment  with  low  secondary  resistance  (leas 
than  10,000  ohms)  3d  showed  no  single  reading  diverging  from 
its  average  as  much  as  7  per  cent;  4  shoved  single  divet^ences 
falling  between  7  and  10  per  cent;  in  each  of  the  remaining  three 
there  were  single  divergences  greater  than  10,  but  lees  than  20, 
per  cent.  In  the  24  experimenta  witJa  secondary  resistance  be- 
tween 10,000  and  20,000  ohms  21  showed  no  divergences  ex- 
ceeding 7  per  cent,  and  in  none  of  the  experimenta  was  there  a 
divergence  as  great  as  10  per  cent.  In  the  11  experiments 
with  secondary  rmstanoe  between  20,000  and  30,000  ahnta, 
9  held  ccHiatant  within  7  per  cent,  and  none  showed  divergence 
amoimting  to  10  per  cent.  In  the  26  eocperimoits  with'  sec- 
ondary resistance  exceedii^  30,000  ohms  19  showed  no  diver- 
gence above  7  per  c^t,  and  only  2  of  the  26  showed  divergences 
exceeding  10  per  cent.  Furthermore,  any  distortion  of  the 
calibration  scale  which  might  be  brought  about  by  changing 
the  aeoondary  resiatanee  ought  to  show  itself  by  similar  di- 
wgences  in  experiments  with  similar  secondary  resistance.  As 
a  matter  of  fact  the  divergences  which  occurred  were  scattered 
irregularly  over  the  whole  field,  and  doubtless  were  due,  for  the 
moat  part,  to  errors  in  exact  establishment  of  the  threshold. 
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On  the  baeiB  of  the  facts  cited  thxis  far  I  would  offer  the  fol- 
lowing conohiBion:  A  eal^tration  8caU,  eatablished  for  the  outer 
part  of  thefidd'  of  a  "standard"  inductorium,  on  the  baeit  of  the 
"contained  current"  in  the  ahocke,  expresses  accurately  the  influx 
ence,  on  tiu  physiological  efficiency  of  the  shocks,  of  shifting  the 
secondary  eoU,  no  matter  what  the  resistance  in  the  secondary  circuit. 

Turn  now  to  the  situation  which  exists  in  the  inner  portion 
of  the  field,  that  portion  within  the  influence  of  the  iron  core. 
Here  are  realized  conditions  which,  accordii^  to  Eriangw  and 
Garrey,  tend  to  invalidate  calibration  scales,  namely,  the  pos- 
sible simultaneous  ocourence  of  two  distinct  influenoee,  shifts 
in  secondary  coil  pomtion  and  variations  in  secondary  resist- 
ance, either  of  which  affects  shock  contour  indc9>aulently  of  the 
other.  It  is  quite  true  that  in  this  part  of  the  field  a  caUbra- 
tion  scale  that  holds  for  low  secondary  resistancee  wiU  not  be 
wholly  correct  for  high  ones.  This  I  pointed  out  in  1912.*  The 
problem  here  is  strictly  a  practical  one.  Recognizing  the  de- 
adrability  of  including  this  portion  of  the  field  bo  far  as  possible 
in  a  quantitative  scheme,  can  a  calibration  be  established  in 
which  the  limits  of  error  shall  not  be  so  great  its  to  destroy  its 
serviceability?  On  the  ground  that  a  calibration  which  is  accu- 
rate within  15  per  cent  is  useful,  if  its  limitations  are  clearly  unr 
dwstood,  I  have  examined  the  same  series  of  experiments  as 
was  discussed  above,  to  learn  to  What  extent  ihe  cahbration 
w(»^ed  out  by  me  for  the  inner  portion  of  the  field  departs  from 
this  d^ree  of  accuracy  with  different  secondary  resistances. 
The  calibration  was  established  miginiiJly  by  observations  on 
tissues  whose  secondary  resistances  would  rar^  exceed  10,000 
ohms.  In  the  experiments  with  secondary  resistances  bdow  this 
figure  divergences  from  the  average  value  of  Z  exceeding  15  per 
cent  were  relatively  few,  numbering  only  17  out  of  108  readings, 
the  latter  made  at  various  points  on  the  scale  between  positions 
0  cm.  and  8  cm.  Of  these  17  ma^ed  divei^ncee,  11  were  above 
the  average  and  6  below,  showing  that  they  were  accidental, 
rather  than  indicative  of  an  error  in  the  calibration.  The  ex- 
periments in  which  resistances  greater  than  10,000  ohms  occurred 

*  Martin:  The  measurements  of  induotion  shoeks,  59. 
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can  best  be  considered  in  two  divisions;  first  with  reference  to 
the  portion  of  the  inductorium  field  from  the  outer  end  of  the 
primary  coil  as  far  in  as  position  6  cm. ;  and  second  with  reference 
to  the  very  innermost  portion  of  the  field.  For  the  first  division 
readily  at  poeiticms  8  cm.  and  6  em.  were  iwed  exclusively, 
since  a  calibration  that  is  diown  to  be  valid  for  these  poedtions 
must  hold  for  r^ons  beyond.  Of  51  reading  at  positions 
8  cm.  and  6  cm.,  with  secondary  resistances  above  10,000  ohms, 
7  diverged  from  the  average  more  than  15  per  cent.  Of  these  7 
divergences,  6  occurred  in  experiments  in  which  the  secondary 
resistance  exceeded  30,000  ohms.  All  7  were  below  their  re- 
spective averages,  as  were  also  more  than  70  per  cent  of  the 
minor  divergences.  At  secondary  portions  4  cm.  and  0  cm. 
the  experiments  included  82  readings  in  which  secondary  re- 
sistance exceeded  10,000  ohms.  Of  these  82,  33  were  more  than 
16  per  cent  divei^ent.  All  these  large  divei^ences  were  below 
their  respective  averages,  as  were  also  more  than  80  per  cent 
of  the  minor  divergences.  Of  the  33  large  divergences  of  this 
series,  24  were  from  amoi^;  the  40  cases  in  wliich  the  secondary 
resistance  exceeded  20,000  ohms. 

A  just  interpretation  of  the  above  data  seems  to  me  to  be 
that  a  calibration  scale  established  for  the  inner  portion  of  the 
inductorium  field  by  experiments  upon  tissues  of  low  resistance 
holds  loith  less  and  less  accuracy  for  high  secondary  remtance*  (he 
closer  the  secondary  coil  is  approximated  to  the  position  of  com- 
plete superposition,  and  also  the  greater  the  resistance;  but  thai  for 
practical  purposes  the  calQjraiion  is  sufficiently  accurate  over  (he 
range  of  resistances  likely  to  occur  in  physiological  work  as  far  in 
as  position  6  cm.  in  a  "standard"  inductorium.  In  accordance 
wilii  this  view  my  practice  of  late  in  cahbratii^  inductoria  has 
been  to  carry  the  calibration  no  furtho-  toward  the  zero  por- 
tion than  6  cm.  The  slight  resultant  diminution  in  rai^e  of 
stimulatii^  power  is  readily  compensated  for  by  increasing  the 
primary  current. 

The  relation  of  secondary  resistance  to  the  physiological  efficiency 
of  faradic  stimuli.  The  discussion  presented  in  the  above  para- 
graphs has  for  its  sole  purpose  the  demonstration  that  a  cali- 
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bralion  applied  to  a  "standard"  mductorium,  in  accordance  with 
the  scheme  I  have  developed,  is  valid  with  reference  to  threshold 
stimuli  generated  in  any  tissue  r^ardless  of  the  resistance 
of  the  tissue.  The  further  question,  whether,  in  two  different 
tissues  of  the  same  resistance,  shocks  identical  according  to  the 
calibration,  would  necessarily  be  physiologically  equivalent,  re- 
quires special  consideoBtion.  In  a  former  paper"*  I  have  dis- 
cussed this  question  exhaustively,  and  have  shown  that  although 
stimuli  for  individiml  tissues  must  be  dealt  with  individually, 
so  that  comparisons  of  stimuli  imparted  to  one  tissue  with  those 
imparted  to  another  cannot  be  made  directly,  with  a  high  de- 
gree of  accuracy,  yet  in  those  cases  in  which  threshold  irrita- 
bilities can  be  detramined,  allowance  can  be  made  for  Uie  factors 
which  tend  to  raider  direct  comparisons  inaccurate.  I  see  no 
occasion  for  reviewing  here  the  method  by  which  this  is  done. 
I  wish  to  say  only  that  application  of  the  method  in  hundreds 
of  experiments  has  been  fruitful  of  information  not  likely  to 
have  been  afforded  by  procedures  in  which  it  was  not  employed. 

The  applicahility  of  the  ctdibralvm  to  stimuli  above  the  threshold. 
Erlanger  and  Garrey  (loc.  cit.,  p.  442)  question  the  applicability 
of  a  calibration  based  on  threshold  shocks  to  stunuli  above  the 
threshold.  It  happens  that  the  observation  which  occasions 
their  question  is  the  incomplete  one  previously  discussed  of  the 
effect  on  "contained  current"  and  physiological  efficiency  of 
approximating  tlie  coils.  That  the  disturbance  of  the  relation- 
ship between  these  factors  occurs  only  in  the  inner  portion  of  the 
field  has  been  pointed  out  above.  S^nificant  in  this  connection 
is  the  fact  that  the  disturbance  of  relationship  in  this  r^on 
applies,  fiilly  to  threshold  shocks,-  so  that  in  a  calibration  estab- 
lished for  this  region  according  to  the  method  I  have  employed 
the  indicated  physiological  efficiencies  will  not  be  proportional 
to  the  contained  currents.  While  the  raising  of  this  question 
is  thus  seen  not  to  be  necessitated  by  any  of  the  reported  6b- 
servations  of  Erlanger  and  Garrey,  the  problem  may  well  be 
considered  briefly  on  its  own  merits.  The  fundamental  as- 
sumption on  which  rests  the  validity  of  the  calibration  for  stimuli 

I'M&rtin:  This  Joum&l,  xxvii,  1910,  226. 
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above  the  threshold  ifi  that  so  long  as  other  factors  remain  con- 
stant, the  effectivaiess  of  a  sHmidus  is  directly  proportional  ie  the 
intensity  of  the  primary  current  whose  break  or  make  generates  it. 
Erlanger  and  Gairey  report  no  galvanametric  studies  of  the 
efTeets  on  induction  shocks  of  varyLng  the  primary  current,  but 
such  evidence  as  is  available  from  other  sources  accords  com- 
pletely with  the  assumption.  One  such  line  of  evidence  is  de- 
rived from  a  study  of  the  data  obtained,  in  the  pniparation  of  a 
calibration  scale  for  an  inductoriimi.  An  early  step  in  the  pro- 
cedure is  the  determination,  in  the  outer  part  of  the  field,  of  the 
galvanometer  deflections  brought  about  at  different  secondary 
positions  by  the  break  of  a  fixed  current  throi^  the  prkmuy. 
If  a  fixed  current  is  not  actually  used  the  results  are  reduced  to 
the  values  they  would  have  if  the  current  were  fixed.  These 
deflections  are  plotted  in  the  fonn  of  a  curve  and  are  considered 
to  represent  the  relative  physiological  effidenaice  of  the  second- 
ary positions  at  which  they  were  obtained.  To  prove  that  they 
do  truly  bear  this  relationship  the  v.  Fleisohl  test  is  appHed. 
In  this  test  the  primary  current  i»  adjusted  until  a  threshold 
shock  is  found.  The  curve  of  galvannneter  deflections,  based 
on  a  fixed  primary  current,  is  deemed  correct  if  the  products  of 
the  defiectionB  at  the  varioiis  secondary  poeitioDS  by  the  pri- 
mary currents  reqiiired  to  generate  threshold  shocks  at  the  same 
positions  give  a  constant.  As  a  matter  of  fact  constants  are 
obtained  regularly  under  i^eee  conditions,  although  the  irri- 
tabilities of  the  test  tissiies  vary  so  greatly  that  the  primary 
cvn^nts  required  in  dlfl'erent  expoiments  to  generate  threshold 
shocks  at  particular  secondary  positions  will  scarcely  be  found 
twice  alike,  and  may  vary  over  an  enormous  range.  I  find,  for 
example,  among  the  104  experiments  cited  in  earlier  paragrajdis 
of  this  paper,  primary  currents,  used  at  position  12  cm.  to  elicit 
threshold  shocks,  ranging  from  0.0003  ampere,  to  O.I  ampere. 
If  the  physiological  efficiencies  of  shocks  were  not  directly  pro- 
portional to  the  intensities  of  the  primary  currents  used  in 
generating  them,  constant  results  could  not  be  obtained  under 
these  conditions. 


dbyGoogIc 


vAUDmr  OF  iKDtJCTonnjH  calibrations  233 

A  secfmd  line  of  evidence  is  afforded  by  experimmtB  in  which 
threihold  fractions  of  shocks  are  obtained  by  means  of  shunts 
in  the  secondary  circuit.  'Where  shtints  are  used  thus,  the 
primary  currents  required  to  generate  shocks  of  threshold  in- 
tensity will  differ  according  as  tiie  resistance  of  the  shunt  varies. 
We  have  here  a  means,  therefore,  of  determining  directly 
whether  chiuiges  in  the  primary  current  bring  about  equivalmt 
variations  in  physiological  effect.  In  the  use  of  this  test  the 
influence  of  seccmdaiy  resistance  on  physiological  effective- 
ness must  be  taken  into  account.  This  can  readily  be  done  by 
applying  the  principle  upon  which  rests  my  system  of  correot- 
ing  for  seeondaiy  reostance,  namely,  that  if  the  values  of  Z 
obtained  experimentally  by  eliciting  equivalent  shocks  with 
various  secondary  resistances,  are  plotted  against  the  resist- 
ances, the  resulting  curve  is  a  straight  line,  whose  formula  I  have 
determined."  The  actual  data  from  a  test  of  this  character  are 
as  follows:  Experiment  of  February  5,  1909.  Values  of  Z  (pri- 
mary current  times  "calibration  number")  were  determined  at 
secondary  coil  positions  8  cm.,  12  om.,  18  cm.,  and  24  cm.,  for  the 
threshold  of  a  fret's  sciatic-gastrocnemius  preparation  under 
three  conditions  of  secondary  remstance;  (1)  with  the  tissue  only 
(res.  4900  ohms)  in  circuit  with  the  secondary  coil  (res.  1400 
ohms);  (2)  with  6000  ohms  added  resistance  in  the  secondary 
circuit;  (3)  with  a  shunt  of  2000  ohms  rerastance  in  the  secondary 
circuit.  With  each  of  these  resistances  closely  concordant 
values  of  Z  were  obtained  for  the  four  secondary  positioiiB  at  which 
tests  were  made.  Their  average  values,  together  with  the 
total  secondary  resistances,  were:  for  (1)  Z  *  2.73,  total  second- 
ary resistance  -<  6300  ohms;  for  (2)  Z  »  3.45,  total  secondary 
resistance  ■=  10,300  ohms;  Ua  (3)  Z  -  7.4,  total  secondary  re* 
sistance  -  2800  ohms.  If  to  the  figures  of  (1)  and  (2)  the 
Wilbur  modification'*  of  my  equations  for  correcting  for  secondary 

'  Of  _  D*' — ,  be  applied,  the  value  of  &  for  this 

particular  preparation  can  be  calculated,  and,  in  turn,  from  this 

"  M&rtin:  Loc.  cit.,  238. 

»  Martin,  Bigelow  and  Wilbur:  This  Journal,  xudii,  1914,  416. 
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value  and  the  data  of  (1)  the  theoretical  value  of  Z  for  any  other 
secondary  resistance  can  be  determined.  By  applying  these 
calculations,  the  theoretical  value  of  Z  for  a  secondary  resist- 
ance  of  2800  ohms  (the  resistance  of  (3)  )  is  found  to  be  2.10. 
The  experimental  value  of  Z  for  (3),  7.4,  represents  a  shock  that 
divided  itself  between  the  tissue  (res.  4900  ohms)  and  the  ahunt 
(res.  2000  ohms)'.  If  from  the  equation  for  the  flow  of  currents 
through  divided  circuits  we  compute  the  fractional  part  of  Z  (3) 
that  passed  through  the  tissue,  it  is  found  to  have  a  value  of 
2.16.  This  agrees  with  the  theoretical  value  2.10,  determined 
above,  well  within  the  limit  of  error.  Repetition  of  this  ex- 
periment with  oth^  secondary  resistances  and  other  shunt 
resistances  have  given  equally  concordant  results.  In  this  ex- 
p^iment  primary  ciurents  of  greater  than  threshold  intensity 
were  used.  No  impairment  of  the  relationships  expressed  by  the 
calibration  was  manifest.  We  may  conclude,  on  the  basis  of 
these  two  lines  of  evidence,  that  the  stimulatii^  effectiveness 
of  induction  shocks  is  directly  proportional  to  the  intensity  of 
the  primary  currents  used  in  generating  them.  If  this  con- 
clusion is  correct  the  assumption  is  equally  justified  that  the 
relationships  expressed  by  an  inductorium  caUbration  for  dif- 
ferent secondary  coil  positions  are  vaUd  for  stimuli  above  the 
threshold  as  well  as  for  those  just  at  the  threshold.  In  my 
own  woriE  I  have  iised  both  these  methods  of  varying  stimula- 
tion strength  very  freely,  and  have  encountered  no  conditions 
which  would  suggest  that  th^  are  not  perfectly  interchangeable. 
The  applicability  of  the  calibration  to  various  sorts  of  tissues. 
Erlanger  and  Garrey  suggest  (p.  421)  that  inasmuch  as  the 
"Nubzeit  plays  an  important  r61e  in  determining  the  physio- 
logical value  of  currents  of  short  duration"  and  since  the  Ntite- 
seit  varies  in  different  kinds  of  tissue,  a  calibration  that  is  valid 
for  one  kind  of  tissue  might  prove  erroneous  when  applied  to 
another.  Here,  again,  we  have  a  question  whose  answer  must 
be  sought  in  direct  experimentation.  I  find,  upon  referring 
to  the  series  of  104  experiments  cited  in  earlier  paragraphs, 
that  in  47  of  them  frogs'  muscles,  uncurarized,  in  8  frogs'  muscles, 
curarized,  in. 47  frogs'  sciatic  nerves,  and  in  the  remaining  2 
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areas  of  huinaa  skin,  were  Btimulated.  The  calibration  ap- 
plied as  accurately  to  the  experiments  with  any  one  of  these 
tissues  as  to  the  experiments  with  any  other.  This  general 
applicability  of  the  calibration  signifies  that  by  means  of  it 
the  relative  strengths  of  stimuli  as  apphed  to  any  one  class 
of  tissues,  no  matter  which  one,  can  be  accurately  expressed. 
It  does  not  show  whether  or  not  relationships  can  be  stated 
accurately  between  stimiUi  applied  to  tissues  havii^  different 
NuUzeUen.  The  chief  significance  of  the  Nuizzeii,  to  judge  from 
the  observations  of  GUdemeister,"  is  in  situations  in  which 
it  is  exceptionally  long.  In  ordinary  laboratory  tissues,  in 
which  the  stimulus,  even  of  a  rapid  induction  shock,  definitely 
outlasts  the  NvizzeU,  it  is  not  probable  that  the  sources  of  error 
due  to  variations  in  the  Nulzzeit  are  so  much  greater  than  those 
mentioned  above  as  inherent  in  the  electrical  stimulation  of 
tissues  as  to  require  special  consideration,  in  calibration  schemes 
whose  ideal  is  the  maximum  of  serviceability,  even  at  the  sacri- 
fice of  the  last  d^ree  of  accuracy.  In  other  words,  the  Nulz- 
zeit,  as  a  factor  in  comparisons  of  stimiili,  is  of  importance  to 
students  of  the  excitation  process  as  a  physiolo^cal  phenome- 
non, rather  than  to  users  of  excitations  as  means  of  evoking  otiier 
physiok^cal  activities. 

Comparisons  of  shocks  generated  by  different  indvctoria.  Er- 
langer  and  Garrey  emphasize  the  difficulty  of  making  valid 
quantitative  comparisons  of  shocks  generated  by  different  in- 
ductoria.  In  this  they  are  fully  justified.  As  Gildemeister 
showed,"  and  as  I  have  also  pointed  out,"  Jnductoria  of  dissimi- 
lar construction  are  likely  to  produce  shocks  which  have  very 
different  physiological  effects  even  though  the  "contained  cur- 
rent" in  the  shocks  compared  may  be  exactly  the  same.  Er- 
langer  and  Garrey  show  (p.  403)  that  these  differences  in  physio- 
logical effect  are  due  to  differences  in  shock  contour.  I  might 
mention  incidentally  that  in  my  own  comparisons  of  dissimilar 
inductoria,   calibrated  accordii^j  to  the  "contained  current" 

"  Gildemeister:  Zeitoohrift  fur  Biologie,  Ixii,  1913,  359. 

"  Gildemeister:  Archiv  fur  die  gesunmte  Phyeiologie,  cxxxi,  1910,  604. 

>*  Martin:  This  Journal,  xxviii,  1911,  49. 
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method,  I  have  been  able  repeatedly  by  varying  the  secondaiy 
resistance,  a  procedure  which  also  modifiee  shock  contour,  to 
find  a  resistance  at  which  the  inductoria  would  give  equal  phys- 
iolc^cal  ^ects  for  equal  contained  currents.  One  such  case 
I  have  described  previously." 

The  remedy  for  this  difficulty  is  obviously  the  one  suggested 
by  Erlai^er  and  Garrey  (p.  448)  and  earlier  by  myself,"  namely, 
the  adoption  of  a  standard  of  inductorium  construction  for 
quantitative  work.  My  continued  exp^ence  in  the  calibra- 
tion of  inductoria  serves  only  to  emphasize  in  my  own  mind  the 
desirabiUty  of  so  doii^,  although  indicating  alA>  that  a  certain 
degree  of  latitude  may  be  permitted  without  completdy  vitiatii^j 
the  quantitative  method.  I  take  this  occasion  to  ui^  as  I  have 
done  formerly,^*  the  Kronecker  specifications  as  suitable  fot  in- 
ductoria which  are  to  be  used  quantitatively. 

A  specific  objection  lu^ed  against  my  calibration  schrane  by 
Erlaoger  and  Garrey,  applicable  only  so  far  as  comparisons  be- 
tween different  inductoria  are  concerned,  is  that  the  theory 
upon  which  I  have  proceeded  demands  that  the  time  to  maxi- 
mum of  break  shocks  should  be  constant,  whereas  they  find, 
experimentally,  that  it  varies  in  different  inductoria  (loc.  cit., 
p.  404) .  They  cite  only  two  experiments  in  which  this  variation 
appears  (tables  6  and  6,  p.  403).  They  used  different  gap  inter- 
vals in  these  two  experiments,  although  on  the  previous  page  they 
assert  t^t  "the  form  of  a  shock  is  profotmdly  influenced  by 

certain  conditions  such  as  length  of  the  gap "    Of  the 

three  coils  they  studied,  one,  coil  1,  has  relatively  such  coarse 
wire  in  the  secondary,  and  appears,  from  study  of  all  their  data 
to  be  80  inefficient,  as  to  suggest  the  desirability  of  rejecting 
it  as  an  unsuitable  instrument  for  quantitative  work.  Their 
other  two  coils,  numbered  2  and  3,  are  very  dissimilar  structurally 
yet  the  time  to  mayimum  of  break  shocks  generated  by  Hb&n 
agrees  within  7-20  per  cent. 

"Martin:  Ibid.,  54  (table  III). 

"M&rtin:Ibid.,  63. 

'*  Martin:  The  measurement  of  inductioD  shooks,  89. 
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In  my  opinion,  one  may  safely  assume  that  in  well  conBtnicted 
ooilB,  agreeing  reasonably  with  the  Kronecker  standard,  the 
time  to  maximum  of  break  shocks  will  not  vary  so  considerably 
as  to  vitiate  the  calibration.  My  feeling  in  this  r^ard  is 
strengthened  by  the  very  considerable  experience  I  have  had  in 
comparing  inductoria,  in  connection  with  the  preparation  of  cali- 
brations. I  have  not  encountered  such  failures  of  physiological 
effect  to  agree  with  expectation  as  would  occur  frequently  if  the 
times  to  maximum  of  shocks  from  various  coils  differed  so  widely 
as  to  vitiate  my  method. 

The  knife-blade  key.  Erlanger  and  Garrey  point  out  (p.  385) 
that  the  mercury  key  I  have  described"  often  fails  to  give  clean 
cut  breaks.  This  defect  was  pointed  out  to  me  also  by  Pro- 
fessor Dodge  of  Wesleyan  University,  who  was  using  tiie  key 
at  the  Nutrition  Laboratory  of  the  Carnegie  Institution  of 
Washington.  Forbes,  in  this  laboratory,  noted  the  same  defect. 
Apparently  the  thin  vulcanite  blade  yielded  sidewise  somewhat 
during  its  rapid  movement  through  the  mercury.  The  defect 
was  completely  cured  by  Dodge  by  the  expedient  of  insertii^, 
within  the  mercury  chamber  in  which  the  blade  moves,  a  strip 
of  watchspring,  so  adjusted  as  to  press  against  the  blade  during 
its  movement.  I  have  substituted  in  my  recent  keys  a  glass 
vane  A  inch  thick,  for  the  vulcanite.  This  has  been  tested  by 
Forbes  with  the  string  galvanometer  and  shown  to  give  clean 
breaks. 

SUMMARY 

1.  Consideration  of  the  conditions  of  distribution  of  stimulat- 
ing currents  through  tissues  leads  to  the  suggestion  that  an  in- 
herent error  of  unknown  amoimt,  assumed  to  be  10  per  cent, 
limits  the  degree  of  accuracy  possible  of  attainment  by  quanti- 
tative stimulation  methods,  and,  therefore,  renders  unnecessary 
for  practical  purposes  extreme  refinement  of  such  methods. 

2.  The  contention  that  approximating  the  coils  of  an  induc- 
torium  modifies  the  contoiu-  of  the  shocks  generated  by  it  is 

"Martin:  This  Journal,  xxvi,  1910,  181. 
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shown  to  apply  only  to  the  inner  portion  of  the  field,  within  the 
direct  tniluence  of  the  iron  core. 

3.  Physiological  tests  demonstrate  that  when  the  secondary 
coil  is  in  itte  outer  part  of  the  field,  beyond  the  direct  influence 
of  the  iron  core,  the  physiolo^cat  efficiencies  of  break  shocks 
generated  by  it  are  proportional  to  their  contained  currents. 

4.  Physiological  tests  demonstrate  that  a  caUbration  scale  for 
the  outer  part  of  the  inductorimn  field,  based  upon  contained 
currents,  is  valid  when  applied  to  tissues  of  hi^  resistance  as 
wdl  as  when  applied  to  those  of  low  resistance. 

5.  Physiological  tests  demonstrate  that  in  the  inner  portion  of 
the  field  a  caUbration  that  is  valid  for  tissues  of  low  resistance 
will  not  hold  completely  for  tissues  of  high  resistance.  For 
practical  purposes,  however,  the  caUbration  is  sufficiently  accu- 
rate to  be  serviceable  as  far  in  as  position  6  cm.  in  a  "  standard" 
inductorium. 

6.  Reference  is  made  to  a  method,  elsewhere  described,  for 
takii^  into  accouitt  the  influence  of  secondary  resistance  on  the 
efficiency  of  induction  shocks. 

7.  The  caUbration  is  shown  by  two  distinct  Unes  of  evidence 
to  apply  to  atimuU  above  the  threshold  as  weU  as  to  stimuU  at 
the  threshold. 

8.  The  Nuizseit  is  considered  as  a  possible  factor  modifying 
the  vaUdity  of  caUbrations.  Bxpeiimental  evidence  is  offered 
that  a  caUbration  scale  which  is  vaUd  for  muscle  is  equally  vaUd 
for  nerve,  althoij^  the  latter  has  a  shorter  Nvizzeit  than  the 
form^.  Comparisons  of  stimuU  appUed  to  tissues  havii^  dif- 
ferent Nut^eiten  are  admitted  to  be  somewhat  uncertain,  but  the 
beUef  is  expressed  that  the  error  of  such  comparisons  is  probably 
no  greater  than  the  oth^  errors  inherent  in  the  electrical  stimu- 
lation of  tissues. 

9.  In  order  for  the  shocks  generated  by  different  inductoria 
to  be  quantitatively  comparable,  the  inductoria  should  be  of 
reasonably  similar  construction.  The  Kronecker  specifications 
are  ui^ed  as  suitable  for  adoption  as  standard. 

10.  A  method  is  described  of  curing  the  defect  that  sometimes 
appears  in  the  vulcanite  knife-blade  key.  A  glass  blade  is 
shown  to  be  superior  to  one  of  vulcanite. 
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Some  years  ago  a  number  of  investigators  made  a  study  of 
the  changes  wrought  in  the  blood  of  man  by  muscular  work. 
The  majority  of  these  determined  only  the  changes  in  the  num- 
ber of  the  red  or  white  corpuscles  or  in  the  specific  gravity 
immediately  at  the  close  of  the  exercise  and  at  one  later  period. 
In  this  study  we  have  endeavored  to  follow  the  sequence  of 
the  changes  in  the  blood's  content  of  erythrocytes,  total  leuco- 
cytes, variety  of  leucocytes,  platelets,  and  haemoglobin,  and 
also  the  variations  in  the  specific  gravity,  from  the  moment 
the  exertion  ended  imtil  equilibrium  was  again  attained;  and 
to  find  an  explanation  of  these  changes.  In  addition  we  have 
examined  the  blood  of  several  athletes  throughout  a  period  of 
training  to  determine  the  effects  of  regular  and  frequently 
repeated  muscidar  work. 

The  routine  followed  in  each  of  our  work  experiments  com- 
prised a  preliminary  determination  of  the  norm&l  number  of 
the  several  varieties  of  blood  corpuscles,  the  percentage  of 
haemoglobin,  and  the  specific  gravity  of  the  blood.  After  this 
the  subject  either  ran  eight-tenths  of  a  mile  aroimd  a  part  of 
the  college  campus,  or  made  a  rapid  run  of  260  yards  in  a  build- 


dbyGooglc 


240  E.   C.    SCHNEIDER  AND   L.   C.   HAVENS 

jug  in  the  course  of  which  he  ascended  three  flights  of  stairs, 
or  worked  for  15  or  20  minutes  on  a  stationary  bicycle.  In 
several  experiments  the  subject  ran  two  miles  on  a  cinder  track. 
Immediately  at  the  close  of  the  exercise  blood  samples  were 
taken  from  a  finger  so  punctured  that  the  blood  flowed  freely. 
At  intervals  of  16  minutes,  or  thereabout,  other  samples  were 
drawn  from  fresh  pimctures  until  it  was  found  that  the  normal 
condition  of  the  blood  was  reestablished.  For  these  observ- 
ations we  had  nine  subjects  and  made  thirty-six  experiments. 

The  percentage  of  haemoglobin  was  determined  with  the 
Gower-Haldane  haemoglobinometer  and  the  counts  of  blood 
corpuscles  were  made  with  the  Thoma-Zeiss  haemoeytometer. 
The  red  corpuscles  were  diluted  with  Hayem's  solution',  the 
white  corpuscles  with  a  1  per  cent  solution  of  acetic  acid,  and 
the  platelets  with  Wright  and  Kinnicutt's  mixture  of  cresyl 
blue  and  potassium  cyanide.  In  making  the  differential  counts 
of  the  leucocytes  Wright's  triple  stain  was  employed  and  two 
or  three  hundred  of  the  corpuscles  counted  in  at  least  two 
spreads  of  blood.  For  the  specific  gravity  a  series  of  wide- 
mouthed  bottles  containing  mixtures  of  glycerine  and  water  of 
different  densities  was  employed. 

PERCENTAGE  OF  CHANGES  IN  THE  BLOOD 

Ah  increase  in  the  number  of  red  corpuscles  occurs  during 
muscular  exertion.  Willebrand  (1)  found  this  increase  to  vary 
between  2.9  and  23.4  per  cent.  Zuntz  and  Schumburg  (2) 
in  a  study  of  German  soldiers  during  marches  obtained  in- 
creases of  247,000  to  650,000  per  cubic  millimetre  or  an  average 
increase  of  9  per  cent.  Hawk  (3)  in  his  study  of  college  athletes 
foimd  the  increase  in  the  number  of  red  corpuscles  to  vary 
from  400,000  to  1,460,000  or  from  7.3  -to  26.7  per  cent.  The 
minimum  risfe  in  the  erythrocytes  in  our  own  experiments  was 
200,000  and  the  maximum  1,180,000.  The  percentage  of 
increase  varied  between  3.2  and  22.8.  The  increase  in  the 
number  of  red  corpuscles  for  a  given  exertion  was  not  constant. 
One  of  our  subjects  ran  eight-tenths  of  a  mile  twelve  times, 
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the  concentration  in  red  corpuscles  varied  between  3.2  and  11.1 
per  cent.  We  believe  these  differences  find  an  explanation  in 
the  distribution  of  the  blood  as  determined  by  previous  activity 
and  stage  of  digestion. 

The  changes  in  haemoglobin,  on  the  whole,  were  proportion- 
ate, but  not  always  equal,  to  the  increase  in  the  number  of  the 
erythrocytes.  The  increase  in  our  subjects  varied  between 
3.5  and  10.9  per  cent  The  maximum  rise  in  haemoglogin  was 
scarcely  half  the  maximum  for  the  red  corpuscles.  The  parallel- 
ism was  decidedly  lacking  in  two  experiments  and  in  these  the 
red  corpuscles  were  far  in  excess.  These  two  experiments  gave 
our  maximimi  figures  for  the  rise  in  erythrocytes. 

Hawk  cit^  three  investigations  in  which  a  leucocytosis  was 
found  after  muscular  work,  the  number  of  leucocytes  varied 
from  11,400  to  22,200.  His  own  observations  on  athletes 
showed  the  increase  in  the  number  of  leucocytes  to  vary  from 
1,930  to  9,500  per  cubic  millimetre  or  from  21  to  104.4  per  cent. 
Zuntz  and  Schumbui^  in  their  study  of  soldiers  obtained  an 
average  leucocytosis  of  43  per  cent  or  an  increase  of  2,470  to 
3,080  over  the  number  found  when  the  men  were  at  rest.  We, 
likewise,  have  found,  following  exercise,  a  corresponding  in- 
crease in  the  number  of  white  corpuscles;  this  increase  varied 
from  1,170  to  11,670  while  the  percentage  ranged  from  13.8  to 
130.2. 

The  influence  of  muscular  activity  upon  the  several  kinds  of 
leucocytes  has  been  considered  by  Zimtz  and  Schumburg. 
They  obtained  an  increase  of  polymorphonuclears  of  from  6 
to  11  per  cent  and  a  decrease  in  the  lymphocytes  of  from  3  to 
17  per  cent.  Biirrows  (4),  on  the  other  hand,  in  a  study  of  a 
single  case  fotmd  that  exercise  decreased  the  polymorphonuclear 
elements  and  increased  the  lymphocytes.  Our  own  diiferential 
counts  are  invariably  in  accord  with  those  of  Zxmtz  and  Schum- 
burg and  show  an  increase  of  from  9  to  45  per  cent  in  polymor- 
phonuclear elements  and  a  decrease  of  from  14  to  55  per  cent  in 
the  lymphocytes.  Burrows  found  that  convulsions  increased 
the  polymorphonuclears  and  decreased  the  lymphocytes  and 
attempted  to  establish  the  fact  that  these  changes  were  not  due 
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to  muscular  activity  but  to  a  pathological  condition.  Our 
records  correspond  closely  with  the  changes  he  found  in  these 
cases  of  convulsions  and  indicate  that  the  blood  changes  observed 
by  him  after  the  convulsions  may  have  been  wholly  due  to  the 
muscular  activity  of  the  attack. 

We  find  no  record  of  observations  on  the  blood  platelets 
following  exercise.  There  was  in  our  experiments  a  marked 
fall  in  the  number  per  cubic  millimetre,  shortly  after  the  ces- 
sation of  muscxUar  action,  of  from  17  to  30  per  cent.  This 
was  later  followed  by  an  increase  which  carried  the  number 
above  the  normal  17  and  more  per  cent. 

The  specific  gravity  of  the  blood  in  muscular  activity  has 
been  carefully  studied  by  Jones  (5).  He  found  that  it  usually 
varied  directly  with  the  red  corpuscles.  However,  he  reports 
that  gentle  exercise  is  accompanied  by  a  fall,  while  the  more 
prolonged  or  violent  forms  of  exercise  are  accompanied  by  a 
rise  in  the  specific  gravity.  Zuntz  and  Schumburg  constantly 
obtained  an  increase  in  the  specific  gravity  of  the  blood.  The 
exercises  used  by  us  invariably  caused  a  rise. 

THE  SEQUENCE  IN  THE  CHANGES 

We  were  xmable  to  follow  in  every  experiment  all  of  the  blood 
changes  in  which  we  were  interested;  nevertheless,  in  the  large 
number  of  experiments  made  we  have  studied  each  change  many 
times  and  in  considerable  detail.  On  several  occasions  the 
observations  covered  the  six  factors.  The  results  of  one  of  these 
experiments  are  given  in  the  curves  of  figure  1.  These  show  the 
sequence  of  the  alterations  in  the  blood  as  they  were  fo\md  to 
occur  following  a  run  of  eight-tenths  of  a  mile.  The  curves 
bring  out  rather  clearly  the  fact  that  the  changes  in  the  niimber 
of  erythrocytes,  percentage  of  haemoglobin,  and  specific  gravity 
are  more  or  less  parallel  and  suggest  that  they  may  be  the 
result  of  a  common  causative  factor.  The  ciu^es  showing 
changes  in  the  number  of  leucocytes,  lymphocytes,  and  plate- 
lets are  placed  together  because  of  an  association  to  be  shown 
later. 
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The  immediate  effect  of  the  exercises  used  was  a  concentration 
of  the  blood  of  the  peripheral  capillaries.  Within  a  very  few 
minutes  after  the  completion  of  the  exercise  the  blood  b^an  to 
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The  blood  changes  following  a  run  of  eight-tenths  of  a  mile  in  4.2 


dilute,  and  as  a  result  the  percentage  of  haemoglobin,  the  num- 
ber of  red  corpuscles,  and  the  density  gradually  diminished  so 
that  each  returned  to  its  normal  figure  in  from  30  minutes  to 
an  hour  and  a  quarter.     The  time  required  seemingly  was 
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dependent  upon  the  length  of  the  period  of  mxiscular  activity. 
However,  the  return  to  the  normal  condition  of  the  blood  was 
only  temporary,  the  diluting  process  so  continued  that  the 
composition  with  respect  to  haemoglobin,  erythrocytes,  and 
specific  gravity  soon  became  subnormal.  The  entire  diluting 
process  lasted  from  50  minutes  to  2  hours.  After  this  the  blood 
again  concentrated  and  soon  restored  to  the  normal  the  three 
factors.  The  entire  series  of  post-exercise  changes  was  usually 
completed  within  1  or  2  hours. 

The  maximxun  and  minimuin  figures  for  the  variations  in 
haemoglobin,  red  corpuscles,  and  specific  gravity  in  the  various 
experiments  showed  some  differences.  In  a  number  of  instances 
the  haemoglogin  rose  above  and  fell  below  the  normal  by  an 
equal  amount;  in  others  the  degree  of  dilution  was  less  than  the 
amount  of  concentration;  while  in  four  instances  the  subnormal 
stage  did  not  appear.  The  percentage  of  change  for  haemo- 
globin and  the  number  of  red  corpuscles  was  sometimes  the  same; 
for  example,  maximum  haemoglobin  3.4,  erythrocytes  3.2, 
minimum  haemoglobin  3,4,  and  erythrocytes  3.  Very  frequently 
the  percentage  of  change  for  the  number  of  red  corpuscles  was 
greater  than  that  for  the  haemoglobin  as  the  following  illustrates : 
maximxmi  of  haemoglobin  5.6  and  of  red  corpuscles  6.9,  minimum 
of  former  5  and  of  latter  8,  and  another  in  which  both  the 
maximum  and  minimum  for  haemoglobin  were  4.2  and  for  the 
red  corpuscles  9.1. 

The  specific  gravity  varied  directly  with  the  red  corpuscles, 
so  that  having  determined  the  normal  for  both  and  the  change 
in  either  the  n^mlber  of  corpuscles  or  the  specific  gravity  the 
amount  of  change  for  the  other  could  be  fairly  closely  predicted. 
The  specific  gravity  variations  were  all  similar  to  the  following : 
(1)  normal  1.068,  maximum  after  exercise  1.0705,  minimum 
1.066;  (2)  normal  1.070,  maximum  1.0715,  mmhnum  1.069. 

The  form  of  the  curve  showing  the  sequence  of  the  variations 
in  the  number  of  the  leucocytes  per  cubic  milhmetre  of  blood 
does  not  correspond  with  those  for  haemoglobin,  erythrocytes, 
and  specific  gravity.  The  percentage  increase  in  leucocytes 
at  the  end  of  the  exertion  was  usually  far  greater  than  it  was 
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for  these  other  factors  and  this  gives  a  higher  apex  to  the  plot- 
ted curve.  Usually  the  rettim  to  the  normal  number  of  white 
corpuscles  was  more  abrupt,  and  occasionally  slower,  than  was 
the  case  for  haemoglobin  or  red  corpuscles.  Instances  in  which 
the  changes  were  parallel  were  exceptional.  The  leucocyte  coiint 
rarely  showed  a  subnormal  stage. 

Differential  counts  of  the- leucocytes  indicate  a  slow  destruc- 
tion of  the  lymphocytic  elements  of  the  blood  following  muscular 
work.  Immediately  at  the  close  of  the  exertion  there  was,  as 
a  rule,  no  definite  change  in  the  proportions  of  the  various  kinds 
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of  leucocytes.  Slowly  thereafter  throughout  a  period  of  from 
1  to  2  hours  the  polymorphonuclear  elements  increased  and  the 
lymphocyte  index,  which  is  obtained  by  adding  the  total  num- 
ber of  mononuclears,  the  large  and  small  lymphocytes,  lai^e 
mononuclears,  and  transitionals,  decreased.  The  details  of 
these  changes  as  they  were  found  in  a  typical  experiment  are 
given  in  Table  I.  The  lymphocytic  index  was  foxmd  to  fall 
from  23  to  52  per  cent.  The  following  are  examples  of  the 
total  change  in  the  index:  41.5  to  20,  39  to  26,  and  42  to  26. 
The  retxim  to  the  normal  proportions  of  the  kinds  of  leucocytes 
was  also  gradual,  requiring  a  period  of  from  2  to  4  hours.  Dr. 
G.  B.  Gilbert  informs  us  that  the  return  to  the  normal  lympho- 
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cyte  index  may  be  delayed  as  much  as  24  hours  after  a  night  of 
dancing.  The  change  in  the  proportion  of  the  several  varieties 
of  leucocytes  can  not  be  accounted  for  by  an  influx  of  certain 
kinds  from  the  tissues  durii^  exertion,  since  although  the  total 
number  of  leucocytes  is  enormously  increased  during  the  exer- 
cise the  differential  counts  were,  at  the  immediate  close  of  work, 
either  only  very  shghtly  or  not  at  all  altered.  Further  the  changes 
in  the  differential  counts  continued  loi^  after  the  normal  number 
of  leucocytes  per  cubic  millimetre  had  been  restored. 

The  changes  in  the  number  of  the  blood  platelets  did  not  corre- 
spond to  those  of  the  other  blood  elements  studied.  Immedi- 
ately at  the  close  of  muscular  work,  as  was  the  case  with  the 
lymphocytes,  it  was  found  that  there  was  either  no  change  or  a 
very  slight  decrease  in  the  number.  However,  there  then  fol- 
lowed, apparently  as  a  consequence  of  a  destructive  process, 
a  rapid  fall  in  the  number  which  reduced  the  platelets  within 
30  to  60  minutes  from  approximately  350,000  to  260,000  per 
cubic  millimetre.  After  this  came  a  period  of  rapid  increase 
which  resulted  in  an  over-production.  Hence  within  an  hour 
or  two  after  exertion  the  number  exceeded  the  normal  from  17 
to  25  per  cent.  Later  as  is  shown  in  figure  1  there  was  a  return 
to  the  normal  number. 

Hawk  found  in  his  study  of  various  kinds  of  college  athletic 
activities  that  the  increase  in  the  number  of  red  corpuscles  in 
the  blood  became  gradually  less  pronounced  as  the  exercise  was 
continued.  This  he  believed  pointed  toward  the  possibility 
of  an  actual  decrease  due  to  a  rapid  destruction  of  red  corpuscles 
in  proloi^ed  violent  exercise.  We  have  five  observations  bear- 
ing on  this  point  in  which  the  subjects  had  walked  a  distance 
of  9.7  miles  to  the  top  of  Pike's  Peak,  ascending  approximatdy 
7,900  feet.  The  average  grade  was  1  in  6  or  7,  with  some  half 
dozen  stretches  of  considerable  length  with  a  25  per  cent  grade. 
The  ascent  was  made  in  from  4  to  5  hotu^.  It  should  be  here 
noted  that  each  man  drank  as  much  water  as  he  desired  durii^ 
the  climb.  For  three  of  the  men  only  haemoglobin  determi- 
nations were  made,  of  these  on  arrival  at  the  summit  one  showed 
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a  drop  from  112,  his  normal  in  Colorado  Springe,  to  108  or  a  fall 
of  3.6  per  cent;  the  second  gave  no  change,  his  normal  112  be- 
ii^  obtained;  the  third  had  an  increase  from  111  to  116  or  4.5 
per  cent.  Both  the  haemoglobin  and  the  number  of  red  cor- 
puscles were  determined  for  the  other  two  subjects.  One  gave 
a  haemoglobin  reading  of  116  and  had  6,514,000  red  corpuscles 
per  cubic  millimetre  in  Colorado  Springs,  while  upon  arrival 
at  the  summit  the  haemoglobin  was  127,  or  concentrated  9.5 
per  cent,  and  the  red  corpuscles  6,920,000,  an  increase  of  16.2 
per  cent.  The  fifth  man  had  in  Colorado  Springs  a  haemoglobin 
content  of  112  and  6,224,000  red  corpuscles,  arriving  on  Pike's 
Peak  these  had  increased  to  128  or  14.3  per  cent  and  to  6,872,000 
or  10,4  per  cent  respectively.  The  after-diluting  process  which 
soon  produces  a  subnormal  condition,  occurred  in  each  subject 
but  could  not  be  followed  to  the  end  because  of  Jack  of  proper 
light  for  titrating  the  blood.  In  the  last  two  subjects  obser-  ■ 
vations  throughout  a  period  of  4  hours  failed  to  show  the  proc- 
ess of  dilution  completed. 

These  results,  taken  as  a  whole,  do  not  support  Hawk's  theory 
that  there  is  an  increased  destruction  of  erythrocytes  during 
muscular  activity.  The  work  accomplished  was  severe  and  long 
continued  and  thus  gave  ample  time  for  destruction  of  corpuscles. 
Nevertheless,  in  only  one  of  the  five  men  was  there  a  suggestion 
of  such  destruction.  Our  subject  who  showed  the  lowered  con- 
tent of  haemoglobin  was  known  to  be  the  least  fit  physically. 
Circulatory  observations,  such  as  arterial,  capillary,  and  venous 
pressures,  and  rate  of  blood  flow,  proved  that  he  did  not  react 
as  well  as  physically  strong  men.  Evidence,  which  is  given 
later,  suggests  that  the  decrease  in  the  haemoglobin  and  red  cor- 
puscles was  not  due  to  an  actual  destruction  of  corpuscles  but 
rather  to  their  stagnation  in  some  of  the  capillaries  because  of 
fatigue. 

Zuntz  and  Schumburg  found  the  blood  concentrated  in  sol- 
diers who  had  marched  for  seven  hours  over  a  course  of  24.75 
kilometres  carrying  loads  of  from  27  to  31  kilos. 
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THE   EXPLANATION   OF  THE   BLOOD  CHANGES 

Hawk  advances  six  possible  explanations  for  the  increase  of 
erythrocytes  in  exercise.  These  are  (1)  the  production  of  new 
corpuscles,  (2)  concentration  of  the  blood  through  increased  urine  ' 
formation  and  copious  sweating,  (3)  concentration  of  the  blood 
through  increased  evaporation  in  the  lungs,  (4)  passage  of  fluid 
from  the  blood  to  the  active  muscles,  (5)  concentration  of  the 
blood  through  vaso-motor  contraction  and  rise  in  blood  pressure, 
and  (6)  sudden  passage  into  the  blood  of  a  lai^e  number  of  cdls 
lying  dormant  in  various  parts  of  the  body.  He  is  inclined  to 
accept  the  last  factor  as  the  primary  cause  of  the  increase  in 
red  corpuscles  since  in  a  short  run,  such  as  a  hundred  yard  dash, 
involving  only  a  few  seconds  in  time  there  would  not  be  suffi- 
cient opportunity  for  any  of  the  first  five  factors  to  accomplish 
the  degree  of  concentration  observed.  As  exercise  is  continued 
the  factors  of  copious  sweating,  accelerated  urine  formation, 
increased  evaporation  from  the  lungs,  and  the  passage  of  fluid 
from  the  blood  to  the  working  muscle,  all  help  to  keep  up  the 
concentrated  condition  of  the  blood  and  so  obscure  his  predi- 
cated opposite  action,  namely  an  accelerated  destruction  of  red 
corpuscles.  WUlebrand  believes  that  the  withdrawal  of  water 
from  the  blood  by  the  working  muscles  is  the  primary  cause  of 
the  concentration.  Zimtz  and  Schumburg  accept  Willebrand'a 
explanation. 

To  account  for  the  leucocytosis  found  to  be  present  after 
muscular  activity,  Hawk  adds  another  to  the  six  factoid  men- 
tioned above;  it  is  that  there  is  a  changed  distribution  of  the 
leucocytes  followed  by  their  accumulation  in  the  peripheral 
circulation.  This  he  believes  is  the  primary  cause  of  leucocyto- 
sis, which  he  further  explains  by  the  fact  that  greatly  increased 
rapidity  of  circulation  would  throw  out  from  the  interior  into 
the  general  circulation  a  great  number  of  leucocytes  which 
arriving  in  the  peripheral  arterioles  and  venules  would  lag  be- 
hind the  general  blood  stream  and  produce  an  apparent  leucocyto- 
sis of  large  dimensions.  Zuntz  and  Schumburg  believe  since 
the  white  corpuscles  increase  so  much  more  than  the  red  that 
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a  different  explanation  must  obtain  for  their  increase.  They 
hold  that  the  passing  of  wandering  cells  from  the  tissues  into  the 
general  circulation  is  an  adequate  explanation. 

We  have  attempted  in  several  series  of  experiments  to  deter- 
mine the  importaiice  of  the  various  explanations  offered  for  the 
changes  in  the  blood  during  exertion.  That  there  is  a  stagnation 
of  red  corpuscles  which  withdraws  large  nimibers  from  the 
general  circulation  is  indicated  in  the  following  observation. 
In  this  experiment  the  subject  ran  eight-tenths  of  a  mile  in  4 
minutes  and  50  seconds.  His  blood  was  then  examined  at 
intervals  until  found  to  be  well  down  in  the  subnormal  stage 
when  he  once  more  ran,  in  5J  minutes,  the  same  distance.  The 
results  follow: 
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Normal    ..                                     .... 

mfUtsiH 

As  a  result  of  the  first  run  the  haemoglobin  content  had  in- 
creased 6.8  and  the  number  of  red  corpuscles  12.5  per  cent; 
in  the  second  the  haemoglobin  again  rose  above  the  normal  5.1 
and  the  red  corpuscles  10.9  per  cent,  while  they  were  7.9  and  14.5 
per  cent  respectively  above  their  content  at  the  start  of  the 
second  run.  The  rettim  of  both,  during  the  second  run,  to 
almost  the  values  obtained  after  the  first  makes  it  probable 
that  we  are  not  here  dealing  with  a  loss  of  water  from  the  body 
but  only  with  a  side-tracking  of  a  large  mass  of  corpuscles. 

Abdominal  pressure  experiments.  Mitchell  (6)  reported  that 
in  a  healthy  subject  general  massage  increased  the  number  of 
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red  corpuscles  and  to  a  lesser  degree,  or  sometimes  not  at  all, 
the  haemoglobiD.  He  obtained  in  a  case  of  chronic  lead 
poisoning  an  increase  in  the  erythrocytes  from  4,000,000  to 
4,500,000  with  the  application  of  abdominal  mass^e  for  25 
minutes.  This  observation  points  to  the  splanchnic  area  as  a 
large  source  of  reserve  corpuscles  and  led  us  to  test  the  influence 
of  abdominal  massage.  It  early  became  apparent  that  pro- 
longed abdominal  massage  was  not  necessary  to  bring  about 
the  rise,  so  instead  a  heavy  weight  of  lead  foil,  wei^xing  25 
pounds  and  so  shaped  as  to  fit  between  the  lower  ribs  and  the 
top  of  the  pelvis,  was  placed  on  the  abdomen  of  the  reclining 


TABLES 

Wtight-massaiie  of  the  abdomen 

.c«<c                      ,    ,    t™. 

BAIHOOLOBIK  •  KKmaOCTTEt 

LBUCOCirtBfl 

i     Normal 

U5 

6,328,000 

e,600 

L.C.H 

5  minutes 

120 

6,876,000 

10,200 

20  minutes 

119 

6,856,000 

10,000 

Normal 

106 

5,240,000 

8,000 

E.C.S 

4  minutes 

108 

5,432,000 

■  8,400 

1  IS  minutes 

110 

5,640,000 

8,300 

Normal 

116 

6,392,000 

6,688,000 
6,976,000 

19  minutes 

123 

subject.  The  act  of  breathing  moved  the  weight  slightly  and 
gave  a  massage  effect  with  the  result  that  in  2  or  3  minutes  an 
increase  in  haemoglobin  and  red  corpuscles  was  evident  in  the 
peripheral  circulation.  Such  experiments  were  prolonged  10 
to  30  minutes.  Frequently  the  maximum  change  in  the  blood 
occurred  within  5  minutes  but  in  others  was  delayed  as  much  as 
20  minutes.  We  used  six  subjects  and  each  several  times  for 
these  observations.  The  data  for  three  typical  experiments 
are  given  in  table  2.  The  average  increase  for  all  of  our  obser- 
vations was  haemoglobin  5.1  and  red  corpuscles  8.7  per  cent. 
These  figures  are  strikingly  close  to  the  average  of  the  increases 
obtained  from  all  of  our  work  experiments  in  which  the  average 
increase  in  haemoglobin  was  6.3  and  in  red  corpuscles  9.6  per 
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cent.    Immediately  after  a  meal  and  while  digestion  was  at  its 
height  abdominal  pressure  failed  to  alter  the  blood. 

Prevention  of  return  to  normal.  If  the  splanchnic  area  is  the 
chief  reservoir  of  reserve  red  corpuscles  it  may  be  that  pressure 
on  the  abdomen  after  exertion,  by  delaying  side-tracking,  will 
prevent  the  return  to  the  normal  content  of  haemoglobin  and 
erythrocytes.  To  teat  this  two  methods  were  employed,  the 
first,  which  was  the  least  effective,  was  to  draw  a  belt  aroimd  the 
abdomen  as  tightly  as  possible  within  three  minutes  after  the 
return  from  a  run;  the  second  was  to  have  the  subject  take  the 
reclining  posture  with  the  lead  weight  on  the  abdomen.  Both 
methods  were  always  effective  in  preventing  to  a  considerable 
degree  the  dilution.  Thus  in  one  experiment  by  use  of  the  tight 
belt  with  the  subject  standing,  after  a  run  of  eight-tenths  of  a  . 
mile  had  increased  the  haemoglobin  from  113  to  118  and  the  red 
corpuscles  from  5,840,000  to  6,560,000,  at  the  end  of  an  hour 
and  a  half  the  haemoglobin  was  still  115  and  the  erythrocyte 
count  6,144,000.  A  protocol  of  an  experiment  for  which  the 
subject  ran  a  half  mile  in  3  minutes  and  58  seconds  and 
afterward  reclined  with  a  weight  resting  on  his  abdomen  follows: 


HAKUOai'OBIW 

COB^L^ 

Normal 

107 
115 
114 
113 
111 
111 
107 

6,680,000 

6,360,000 

6  328,000 

6,100,000 

Curves  have  been  plotted  for  this  experiment  in  figure  2  and 
placed  in  contrast  with  curves  from  a  typical  experiment  when 
the  diluting  proems  was  not  interfered  with.  The  curve  for  the 
typical  reaction  returns  to  the  normal  level  and  passes  into  the 
subnormal  phase  in  about  50  minutes,  while  that  expressii^  the 
condition  in  which  abdominal  pressure  was  employed  only 
descends  half  way  to  the  normal  in  85  minutes.  It  is  improb- 
able that  either  method  used  for  preventing  the  stagnation  of 
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blood  JD  the  splanchic  area  is  completely  effective  hence  we 
conclude  that  the  splanchnic  area  is  the  primary  source  of  the 
reserve  of  red  corpuscles  thrown  into  the  general  circulation 
during  muscular  activity. 


Fig.  2.  A  comparison  of  the  ohangea  in  the  haemoglobin  and  red  corpuecles 
after  riuu  of  eight-tenths  of  a.  mile  following  which  the  abdtxnen  was  in  one 

instance  compressed  and  in  the  other  not  under  pressure. 

Work  and  abdominal  pressure  experiments  at  a  high  altitude. 
Two  series  of  observations  made  upon  the  summit  of  Pike's 
Peak,  on    subjects   who    had    sojourned    there   from  3'  to   10 
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days,  strengthen  the  above  conclusions.  In  one  series  six  sub- 
jects did  muscular  work  either  by  making  a  run  of  175  yards 
up  a  path  of  considerable  grade,  a  part  being  a  25  per  cent  in- 
cline, or  ran  about  a  half  mile  on  the  level,  or  worked  for  about 
15  minutes  on  a  stationary  bicycle.  In  eleven  experiments 
the  customary  rise  in  haemoglobin,  red  corpuscles,  and  specific 
gravity  did  not  occur.  While  in  a  majority  immediately  at  the 
close  of  exertion  the  blood  bad  not  changed,  in  three  instances 
it  had  diluted  2  and  more  per  cent.  In  each  work  experi- 
ment the  post-diluting  process  appeared  as  at  the  lower  alti- 
tude.   A  typical  protocol  for  a  half  mile  run  is  given  below: 


s^r 

mBTTHBO- 

BPBOIFIC 

126 
126 
124 
118 
120 

6.9 

e.fl 

6.6 
6.2 
6.4 

1.0665 
1.0660 
1.0646 
1.6400 

360,000 
280,000 

This  lack  of  increase  of  haemoglobin  and  erythrocytes  during 
physical  exertion  at  the  high  altitude  invalidates  Willebrand's 
explanation  of  the  concentration,  which  is  also  accepted  by 
Zimtz  and  '  Schumburg.  They  believed  that  the  blood  was 
concentrated  in  exercise  by  the  passage  of  fluid  from  the  blood 
to  the  active  muscles.  If  this  explanation  is  correct  the  blood, 
during  exertion,  should  have  been  concentrated  as  much  on 
Pike's  Peak  ae  in  Colorado  Springs.  These  observations  also 
show  that  loss  of  water  from  the  body  by  evaporation  from  the 
lungs,  and  by  increased  sweating  and  urine  formation  is  not  an 
adequate  eiqjlanation  of  the  concentration  that  occurs  at  the 
low  altitudes. 

A  series  of  ten  abdominal  pressure  experiments  was  made  in 
the  same  manner  as  at  the  lower  altitude  and  in  several  the 
abdomen  was  also  vigorously  kneaded  for  some  minutes  before 
the  weights  were  placed  in  position.  The  striking  feature  of 
these  experiments  was  an  opposite  reaction  from  that  obtained 
by  a  similar*  procedure  at  the  low  altitude,  instead  of  an  increase 
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in  haemoglobin  and  red  corpuscles  a  reduction  in  both  of  from 
2  to  4  per  cent  was  obtained.  The  following  is  a  typical  result 
from  an  experiment  in  which  both  kneading  and  pressure  were 
employed: 


Normal .- |         123       '    6,744.000 

I'rcsBure  5  minutes 121        I    6,568,000 

Pressure  13  minuteB 120  6,496,000 

These  massage-preSBure  experiments  show  clearly  why  the 
blood  failed  to  concentrate  during  exercise  on  Pike's  Peak. 
The  reserve  of  corpuscles  had  been  depleted  because  of  the  great 
need  of  oxygen  at  the  high  altitude.  At  low  altitudes  the  need 
for  a  greater  supply  of  oxygen  occurs  only  during  miiscular 
activity;  at  high  altitudes  the  need  is  also  felt  during  rest,  with 
the  result  that  even  at  the  beginning  of  muscular  work  there  are 
no  corpuscles  remaning  in  reserve,  and  therefore  there  is  no 
increase  with  exercise. 

The  infiuence  of  adrenalin.  Having  found  evidence  that  the 
splanchnic  area  is  an  important  and  very  likely  primary  reser- 
voir for  the  superabundant  red  corpusdes  during  inaction,  the 
question  arose  as  to  how  the  extra  supply  was  thrown  into  the 
general  circulation  during  exercise.  In  view  of  the  recent  re- 
searches by  Canon  (7)  and  his  pupils  which  show  the  relation 
of  the  adrenal  medulla  to  muscular  activity;  and  in  view  of  the 
fact  that  V.  Anrep  (8)  had  shown  that  an  increase  of  carbon 
dioxide  in  the  blood,  such  as  occurs  in  exercise,  by  stimulating 
certain  nerve  centers,  caused  the  suprarenals  to  secrete  more 
freely;  and  because  it  was  well  known  that  the  circulation  of  the 
abdomen  is  shifted  to  the  general  circulation  by  this  secretion, 
it  occurred  to  us  that  we  were  dealing  with  another  of  the  adap- 
tive functions  regulated  by  adrenalin.  We,  therefore,  ad- 
ministered by  mouth  to  a  subject,  when  the  stomach  was  empty, 
a  Parke,  Davis  and  Company  preparation  of  adrenalin  with  the 
following  results: 
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45  droi»  of  adrenalin  adnunuitered  at  11.31  a.m. 


TJ^rm.t 

116 

116 
119 
118 

1  8,054,000 
;  6,272,000 
;  6,440,000 

1  6,280,000 

8,600 

6,800 

16  drops  more  adminietered  34  minutes  later. 


40  minutes  after  first  doee.. 

55>miiiut«8  after  firat  doee. . 
70  minutes  after  first  dose. . . 


The  first  effect  of  adrenalin  so  administered  would  do  doubt 
be  a  vaso-constrictioD  of  the  splanchnic  area  and,  as  Edwards 
(9)  has  recently  shown  in  a  study  of  the  compensatory  distribu- 
tion of  the  blood  during  stimulation  of  the  splanchnic  nerve, 
there  would  be  an  increased  transfer  of  blood  to  the  vascular 
circuits  of  the  head  and  extremities  sufficient  to  compensate  for 
the  diminished  flow  through  the  portal  circuit.  If  then  a  large 
mass  of  red  corpuscles  has  been  side-tracked  in  the  splanchnic 
area  and  blood  plasma  withdrawn,  the  constriction  of  the  ves- 
sels of  this  large  vascular  area  would  force  the  stagnant  mass 
of  red  corpuscles  on  toward  the  heart  into  the  general  circulation 
and  thus  give  the  increase  in  haemoglobin  and  red  corpuscles 
found  in  the  above  record. 

How  account  for  the  changes  in  the  number  of  leucocytes  and 
platelets?  Several  fragmentary  observations  show  clearly  that 
the  changes  occurring  in  the  leucocytes  and  platelets  as  a  result 
of  physical  exertion  are  not  produced  in  the  same  manner  as 
those  in  the  haemoglobin,  red  corpuscles,  and  specific  gravity. 
In  three  experiments  on  Pike's  Peak  the  changes  in  the  number 
of  leucocytes  and  platelets  were  followed  through  a  part  of  the 
process  and  they  were  found  to  react  exactly  as  at  the  lower 
altitude.  The  white  corpuscles  increased  as  much  as  57  per 
cent  in  a  run,  and  the  platelets  decreased  fully  28  per  cent,  while 
they  later  showed  the  customary  overproduction.  Thus  we  here 
find  proof  for  the  contention  of  other  workers  that  the  increase 
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in  leucocytes  in  exercise  can  not  be  the  result  of  the  same  re- 
action that  increases  the  number  of  red  corpuscles.  At  faig^ 
altitudes  exercise  squeezes  the  lymph  out  of  the  muscles  and 
drives  it  toward  the  heart  just  as  at  low  altitudes,  and  with  it 
would  be  carried  the  leucocytes  gathered  from  the  tissues.  The 
supposition  that  the  leucocytes  are  derived  from  the  tissues 
other  than  the  splanchnic  area  was  further  supported  by  the 
f^bdominal  pressure  detenninations  made  in  Colorado  Springs, 
some  of  which  are  recorded  in  table  2.  In  these  the  leucocytes 
were  only  increased  from  4  to  7  per  cent,  while  in  exercise  th'ey 
increased  14  to  130  per  cent. 

Some  connection  appears  to  exist  between  the  mononuclear 
or  lymphocyte  index  and  the  variation  in  the  number  of  plate- 
lets. For  some  minutes  after  the  exertion  there  appears  to  be  a 
destruction  of  platelets  which  in  turn  very  likely  leads  to  a  dis- 
appearance of  the  Iymphoc3'te  elements.  Brown  (10)  has  shown 
when  an  excessive  demand  for  platelets  existB  that  the  mono- 
Duclear  and  transitional  cells  in  the  marrow,  spleen,  and  blood 
may  form  platelets.  Here  then  is  a  possible  explanation  for  the 
decrease  in  lymphocytes. 

The  picture  of  the  blood  changes  in  exercise  may  be  briefly 
summarized.  During  muscular  inaction  a  large  mass  of  the 
blood  is  diverted  to  the  splanchnic  area,  where  it  probably  stag- 
nates and  gives  up  plasma  as  lymph.  There  is  also  through- 
out the  remainder  of  the  body,  especially  in  the  limbs,  an  ac- 
cumulation of  lymph.  With  the  onset  of  muscular  activity  the 
carbon  dioxide  content  of  the  blood  rises,  this  carbon  dioxide 
stimulates  the  central  nervous  centers  which  regulate  the  secre- 
tion of  the  suprarenal  glands,  hence  the  output  of  adrenalin  is 
increased.  The  adrenalin  causes  a  constriction  of  the  blood 
vessels  of  the  splanchnic  area,  this  forces  the  stagnant  red  cor- 
puscles into  the  general  circulation,  thus  giving  the  rise  in  specific 
gravity,  haemoglobin,  erythrocyte,  and  leucocyte  content  of  the 
peripheral  blood.  Further  the  contraction  of  the  voluntary 
muscles  accelerates  the  flow  of  lymph,  throwing  lymph  rich  in 
leucocytes  into  the  blood.  The  increase  in  red  corpuscles  and 
haemoglobin  makes  it  possible  to  supply  more  readily  the  greater 
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demand  for  oxygen  made  by  the  active  muscles.  Shortly  after 
the  close  of  the  exercise  the  carbon  dioxide  content  of  the  blood 
falls  below  normal,  as  a  result  the  discharge  of  adrenalin  be- 
comes subnormal  and  the  blood  once  more  accumulates  in  tbe 
splanchnic  area,  so  that  there  is  a  gradual  return  to  the  normal 
composition  and  even  a  temporary  subnormal  content  in  red 
corpuscles. 

BLOOD    CBANQBS   DURING   A   PERIOD    OF   ATHLETIC   TRAINING 

Some  data  has  been  accumulated  to  show  the  influence  of  train- 
ing upon  the  blood.  This  phase  of  the  work  was  disappointing 
since  we  were  unable  to  secure  the  hearty  cooperation  of  the  sub- 
jects that  was  necessary  to  furnish  a  complete  picture  of  changes. 
We  had  only  three  men  who  were  available  both  before  they 
began  training  and  during  the  season  of  spring  athletics.  One 
subject  who  trained  for  the  two  mile  run  was  followed  closely, 
the  others  gave  opportunity  for  only  a  few  observations  during 
each  period.  Briefly,  the  results  of  these  studies  show  an  in- 
crease in  haemoglobin  and  red  corpuscles  during  the  period  of 
training  for  two  of  the  subjects  and  no  change  in  the  third. 
For  the  subject  followed  closely  the  average  content  of  haemo- 
globin in  the  foreperiod  was  111.9  and  during  the  height  of  train- 
ing 115.8,  which  is  an  increase  of  3.6  per  cent.  The  red  cor- 
puscles averaged  in  the  foreperiod  6.2  millions  and  6.5  millions 
per  cubic  millimetre  while  in  training,  or  an  increase  of  4.8  per 
cent..  The  second  subject  showed  an  average  increase  of  9.4 
per  cent  in  haemoglobin,  this  rose,  as  a  result  of  training,  from 
an  average  of  117  to  128.  The  erythrocytes  increased  from  6.1 
to  7.2  millions  or  18  per  cent.  No  change  was  found  to  occur 
in  the  number  of  leucocytes  and  platelets.  For  the  subject 
followed  most  carefully  differential  counts  of  the  leucocytes  were 
made  in  sufficient  numbers  in  both  periods  to  permit  a  compari- 
son. There  was  an  increase  in  the  lymphocyte  index  of  4.1 
per  cent.  In  the  untrained  condition  the  lymphocyte  index 
averaged  37,  while  during  the  period  of  splendid  condition  it 
was  38.75. 


dbyGoogIc 


258 


E.  C.   SCHNBIDBR  AND  L.  C.  HAVENS 


A  series  of  detenninations  of  the  total  oxygen  capacity  of  the 
blood  and  total  blood  volume  was  made  on  the  one  subject 
closely  studied.  The  results  of  this  study  appear  in  Table  3. 
The  determinations  were  made  by  the  carbon  monoside  method 
of  Haldane  and  Lorrain  Smith  (11). 

No  ch&Dge  in  total  oxygen  capacity  and  blood  volume  is  shown 
by  these  determinations.  With  the  haemoglobin  of  this  subject's 
blood  only  increased  3.6  per  cent,  it  is  unlikely  that  the  method 
of  determining  total  oxygen  capacity  is  exact  enough  to  detect 
so  small  a  change. 

TABLE  S  (SUBJECT  I) 


Februarys 

February  20 

February  27 

March  24" 

April  17 

May  3 

>  Training  began  March  1. 


20.2 
30.9 
20.7 
21.6 


1037 
1015 
1057 


4962 
4916 


1.  The  immediate  influence  of  physical  exertion  upon  the  blood 
of  the  peripheral  capillaries  was  one  of  concentration  in  which 
the  percentage  of  increase  varied  as  follows:  haemoglobin  3.5 
to  10.9,  erythrocytes  3.2  to  22.8,  and  leucocytes  13.8  to  130.2. 
The  specific  gravity  increased  proportionately  with  the  red 
corpuscles. 

2.  Within  a  few  minutes  after  the  close  of  the  exertion  the 
blood  began  to  be  diluted  and  this  usually  resulted  in  a  sub- 
normal specific  gravity  and  content  of  haemoglobin  and  red 
corpuscles. 

3.  At  the  end  of  the  exertion  the  differential  counts  of  the  leuco- 
cytes showed  no  change,  but  very  soon  the  polymorphonuclears 
increased  9  to  45  per  cent  and  the  total  number  of  mononuclear 
elements  decreased  14  to  55  per  cent. 
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4.  The  number  of  platelets  was  unchained  at  the  close  of  the 
exercise.  However,  there  then  followed  a  period  of  decrease 
which  reduced  them  17  to  30  per  cent.  Later  there  was  a  pwiod 
of  overproduction  which  carried  the  number  above  the  normal 
17  to  25  per  cent. 

5.  Long  continued  and  severe  exertion  apparently  does  not 
cause  an  increased  destruction  of  red  corpuscles. 

6.  A  repetition  of  a  run  when  the  blood  has  passed  into 
the  subnormal  condition  practically  restores  the  maximimi 
concentration. 

7.  Abdominal  massage  and  pressure  raise  the  content  of 
haemo^olnn  and  red  corpuscles  in  the  Mood  of  the  peripheral 
cajHllaries. 

8.  A  tightly  drawn  belt  or  pressure  on  the  abdomen  fdlowing 
exertion  prevents  in  large  measiu^  the  dilution  of  the  blood. 

9.  At  an  altitude  of  14,109  feet  the  blood  does  not  concentrate 
during  exercise.  However,  the  changes  in  white  corpuscles 
and  platelets  occur  as  at  the  lower  altitude. 

10.  Abdominal  mass^e  and  compr^sion  cause  a  dilution  of 
the  blood  at  the  high  altitude. 

11.  Adr^ialin  administered  by  mouth  causes  the  blood  in  the 
peripheral  ca|>ill&ries  to  be  concentrated. 

12.  Durii^  a  period  of  training  for  spring  athletics  the  per- 
centi^  of  haemoglobin  and  the  number  of  red  corpuscles  were 
found  to  increase.  The  nimiber  of  leucocytes  and  platelets 
was  not  changed.  The  mononuclear  elements  were  increased 
4.1  per  cent.  No  change  in  total  o^gen  capacity  or  total  blood 
volume  was  found. 
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A  cursory  examination  of  tbe  dental  literature  of  the  last  few 
years  shows  one  topic — the  influence  of  the  salivary  secretion 
upon  dental  caries — to  be  of  vital  interest,  a  topic  often  dis- 
cussed and  about  which  many  articles  have  been  written. 

The  importance  of  the  saliva  in  the  etiology  of  dental  caries 
is  a  well  established  fact,  but  the  variability  in  the  composi- 
tion of  the  secretion  has  rendered  the  exact  study  of  the  saliva 
difficult. 

The  history  of  the  work  done  and  the  theories  advanced,  con- 
troverted, and  again  advanced,  is  voluminous.  The  whole 
subject,  in  fact,  has  been  so  well  discussed  by  others  that  a  rep- 
etition here  or  references  to  all  authors  would  involve  a  resume 
which  seems  at  this  time  unwarranted.  The  omission  of  many 
names  then,  is  not  prompted  by  lack  of  courtesy,  but  from  the 
desire  to  omit  all 'possible  extraneous  material  and  only  those 
authors  are  mentioned  whose  work  has  a  direct  bearing  on  the 
problem  in  hand. 

The  different  phases  of  the  subject  which  have  been  under 
discussion  at  various  times  are  numerous.  In  Johiuon's  (2) 
Operative  Dentistry  is  found  an  elaborate  theory  by  G.  W.  Cook 
in  which  he  undertakes  to  prove  that  mucic  acid  may  be  found 
in  the  mouth  and  that  it  is  responsible  for  many  eroded  areas  on 
the  tooth  structure.  His  suggestion,  however,  is  insufficiently 
supported  by  scientific  e^ndence.  According  to  our  present  day 
knowledge  of  physiology  and  pathology,  mucic  acid  never 
occurs  in  the  human  body.    Rose  (14)  has  shown  that  mucic 


dbyGoogIc 


NBUTBALIZINa   POWEB  OP  SALIVA  AND   DENTAL  CAWES    261 

acid  is  not  an  intermediary  product  in  the  metaboUBm  of  galac- 
tose-yielding  sugars.  Furthermore  Thierfeldcr  (15)  working  on 
the  isomer  of  mucic  acid,  saccharic  acid,  says  that  although  this 
acid  r^ults  from  the  oxidation  of  glycuronic  acid  la  vitro  there 
is  no  evidence  that  this  change  can  take  place  in  the  animal 
organism. 

Pickerill  (3)  has  attacked  the  problem  from  the  standpoint 
of  reaction  to  different  stimuli  and  has  shown  in  tabular  form  the 
increase  in  alkalinity  of  a  saUva  which  has  been  activated  by 
acid  substances. 

Important  contributions  have  been  made  by  Gies  (4)  and  his 
co-workers.  In  a  series  of  carefully  conducted  experiments 
covering  over  three  years  they  have  given  us  results  which  have 
thrown  much  needed  light  on  the  problem  in  hand. 

He  fails  to  find  a  definite  relation  between  the  general  composi- 
tion of  the  saliva  and  the  condition  of  the  teeth  and  notes  that 
the  systemic  condition  of  the  patient  has  a  direct  bearing  upon 
susceptibihty  to  dental  caries.  Bunting  (5),  Bodecker  (6),  Howe 
(8)  and  others  have  given  us  the  benefit  of  their  theories  but 
unfortimately  they  fail  in  nearly  every  instance  to  describe  their 
experiments  and  their  theories  can  hardly  be  regarded  seriously 
without  such  detail. 

Kirk  (7)  brings  out  some  important  data  in  relation  to  indi- 
cators in  the  titration  of  saliva,  by  comparing  results  obtained 
with  methyl  orange,  congo-red,  litmus,  phenolphthalein  and 
thymolphthalein.  He  defines  Pickerill's  index  of  aikalinity 
as  an  index  of  the  power  of  the  mucin  to  clear  the  stdiva  of  its  add 
content  by  forming  an  acid  mucin  coagulum.  In  fact  he  seriously 
questions  the  reliability  of  Pickerill's  results  pointing  out  quite 
definitely  that  the  use  of  methyl  orange  in  weak  solution  depends 
too  much  upon  the  personal  equation  to  insure  the  obtaining 
of  trustworthy  data. 

The  reaction  of  saUva  is  amphoteric,  that  is  to  say  it  exhibits 
the  power  of  neutralizing  both  acids  and  bases.  Many  of  the 
body  fluids  ahow  this  phenomenon.  Fresh  milk  is  amphoteric; 
urine  is  often  amphoteric  to  litmus,  i.e.,  it  will  show  both  an  acid 
and  alkaline  reaction  to  that  indicator.    Sutton  (11)  says  "Saliva 
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which  is  g^ierally  neutral  to  litmus  is  always  strongly  alkaline 
to  lacmoid  or  congo-red  and  acid  to  tumeric."  The  indicator- 
method  of  neutrality  determination  does  not  show  the  exact 
neutraiity  point.  The  method  is  comparable  with  itself  and 
not  with  the  electrolytic  method  of  determining  neutrahty. 

The  alkalinity  of  the  saliva  has  been  variously  stated  as  bdng 
due-  to  dibasic  sodium  phosphate  and  also  sodium  carbonate. 
Kaymond  (12)  quotes  Chittenden  and  Richards  (13)  as  saying 
that  "Human  saliva  contains  normally  no  sodium  carbonate  what- 
ever the  alkalinity,  as  indicated  by  litmus,  lacmoid,  et  cetera,  is 
due  to  hydrogen  alkali  phosphates  (and  is  equivalent  to  O.OS 
to  0.10  per  cent  NaiCO«)  and  to  possibly  some  alkali  bicarbonate. 
Mixed  saliva  invariably  reacts  acid- to  phenolphthalein. "  Taylor 
(16),  on  the  other  hand,  claims  that  "Freeh  saliva  is  quite  neutral 
but  becomes  faintly  alkaUne  as  the  CX)i  is  dissipated,  later  it 
becomes  acid  again  through  bacterial  action."  Allaria  (18) 
states  that  his  experiments  "Prove  the  sfUiva  from  breasWed 
babies  to  be  acid. "  Gies  (4)  reports  at  the  inception  of  his  work 
that  "In  practically  every  instance  the  reaction  was  alkaline  to 
both  litmus  and  lacmoid  and  in  every  case  was  acid  to  phenol^ 
phthalein."    All  of  Gies'  reports  express  acidity. 

There  seems  to  be  a  little  confusion  among  the  different  ex- 
perimenters in  regard  to  the  results  obtained.  This  may  be  due 
to  a  lack  of  observance  of  standard  conditions  in  obtainii^  the 
samples  or  to  different  indicators  used. 

The  choice  of  indicators  in  this  work  is  not  large.  The  dis- 
solved gases,  as  COs,  precludes  those  indicators  which  are  affected 
by  that  substance.  Boiling  the  sample  to  rid  it  of  this  gas  is 
imwarranted  for  the  proteids  are  thereby  coagulated.  The 
indicators  chosen  should  possess  the  greatest  sensibility,  should 
show  a  definite  color  change,  and  should  change  at  the  point 
nearest  the  hydrogen  ion  concentration  of  water,  viz.  H'"""^. 
Phenolphthalein  possesses  these  requirements  changing  between 
jjio-i  aij(i  H'"-';  to  it  saliva  reacts  acid  with  the  exception  of  a 
few  instances  to  be  mentioned  later.  Parar-nitro-phenol  changing 
between  H^*"*  and  H'"-^  was  chosen  as  the  second  indicator  and, 
although  the  color  change  is  not  so  satisfactory  as  that  of  phenol- 
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phthalein,  still,  when  the  ammonium  salt  is  fonned  in  titration, 
the  yellow  color  shows  very  definitely  against  the  turbid  saliva. 
Methyl  red  was  used  at  first  but  was  discarded  later  in  preference 
to  para-nitro-phenol.  Methyl  orange  was  not  used  on  account 
of  the  indefinite  color  change  in  solutions  weaker  than  n-  Both 
Sutton  (11)  and  Treadwell-Hall  (22)  question  the  accuracy  of 
methyl  orange  in  weak  solutions. 

The  followii^  solutions  were  prepared:  HCI-iti  NaOH -ft, 
NH4OH  TT-  These  were  carefuUy  standardized  and  the  stand- 
ardization confirmed  every  two  weeks.  From  these  tenth  normal 
solutions  two  hundredth  normal  were  made  by  diluting  50  cc. 
of  TT  to  1  litre.  This  str^igth  of  solution  was  used  through- 
out the  work.  These  also  were  standardized  every  two  weeks 
against  the  ^  solutions. 

All  reports  are  based  on  10  cc.  of-saliva  as  samples  and  titra- 
tion figiu'es  indicate  the  number  of  cubic  centimeters  of  ttt  HCl 
and  tU  NaOH.  Temperature  conversion  factors  were  com- 
puted for  every  4°C.  "but  as  the  temperature  variation  was 
witlun  10°C.  during  the  entire  experiment  it  was  found  un- 
necessary to  correct  for  this  variation  in  the  use  of  ttit  solutions. 

The  normal  resting  saliva  is  a  relative  tenu.  We  have  no 
means  of  knowii^  what  is  normal  or  what  is  resting.  Con- 
ditions in  the  mouth  vary  not  only  from  day  to  day  but  probably 
from  hour  to  hour.  Whether  this  is  due  to  local  conditions  in 
the  mouth  entirely  is  an  open  question.  The  psychic  influences 
are  constantly  changii^;  and  how  much  this  affects  the  secretion 
of  the  saliva  we  may  judge  from  the  classicfd  experiments  per- 
fwrmed  by  Pavlov  (9)  and  others.  Pavlov  has  shown  that  even 
the  rattling  of  a  cart  in  the  street  below  will  excite  the  salivary 
secretion  of  a  dog.  Heidenhain  also  has  shown  that  by  the 
use  of  weak  induction  shocks  to  the  chorda  tympani  nerve  he  could 
cause  the  submaxillary  glands  to  secrete  a  thin  copious  saliva. 
By  stimulation  of  the  sympathetic  the  flow  was  changed  and 
became  thick  and  turbid.  These  e]q)erimentB  explain  to  a  cer- 
tain extent  the  difficulties  encountered  in  obtaining  a  "normal 
resting  saUva, "  and  the  consequent  variation  in  analyses  of  sahva 
from  the  same  individual.    The  determination  of  a  constant 
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normal  resting  saliva  involves,  at  present  too  many  x'a  in  the 
equation  and  has  not  been  made,  so  far  as  the  writer  is  aware. 

The  samples  of  saliva  for  this  research  work  were  obtaiaed 
largely  through  the  kindness  of  the  authorities  of  various  hospi- 
tals, asylums  and  penal  institutions.  Certain  inmates  gladly  co- 
operated, after  explanations,  in  ftuihering  the  work  of  the  writer. 
In  alt  104  cases  were  examined,  but  voluntary  cooperation  was 
obtained  in  only  96  cases. 

Following  the  suggestion  of  Dr.  Gies  (4)  the  same  type  of  bot- 
tle was  used' in  the  collection  of  every  sample — a  2  oz.  glass  stop- 
pered "salt  mouthed"  bottle.  The  subject,  (or  more  correctly, 
the  person),  was  requested  to  expectorate  in  the  bottle  without 
making  a  conscious  effort  to  produce  the  sahva.  The  bottle 
was  kept  tightly  closed  diuing  the  intervals  which  elapsed  be- 
tween the  actual  acts  of  ex^ctorating.  Before  the  sample 
was  collected  the  condition  of  the  mouth  was  noted,  also  any 
habits  in  regard  to  tobacco,  alcohol  or  diet.  Also  the  follow- 
ing points  were  observed: 

1.  The  samples  to  be  comparative  throughout  were  obtained 
by  natural  methods  or  by  the  ordinary  methods  of  stimulation; 
or,  if  in  the  resting  stage,  under  known,  or  at  least  as  constant 
conditions,  as  possible. 

2.  The  patient  shoulfl  be  as  nearly  uormat  as  possible  in  sali- 
vary activity. 

The  data  obtained  from  the  several  hospitals  were  compiled 
only  from  those  convalescent  patients  who  were  not  taking  any 
medication  (except  as  noted).  The  data  from  the  prison  inmates 
were  compiled  from  individuals  who  were  in  good  health  and 
who  were  doing  the  regular  prison  routine  work.  The  data  from 
the  inmates  of  the  insane  asylums  were  taken  from  those  who  were 
not  entirely  mentally  deficient  for  the  obvious  reason  that  it 
was  only  that  class  which  could  be  made  to  understand  what  was 
wanted.  The  diets  which  were  carefully  studied  and  compared 
throw  little  light  upon  the  results  from  the  standpoint  of  Picker- 
ill's  work,  for,  in  one  instance,  where  the  carbohydrate  content 
is  in  excess  one  would  almost  expect,  judging  from  the  results 
of  Pickerill  (3),  to  find  a  higher  acidity  than  is  reported. 


yGoogIc 


NEUTEALIZINQ   POWER  OP  SALIVA   AND   DENTAL  CAEIES     265 
METHODS  OF  ANALYSIS 

For  ^  Ikalinity.  Ten  grams  of  the  well  mixed  sample  are  placed 
in  a  casserole  diluted  with  20  cc.  of  distilled  water  at  20°C.  and  free 
from  COt.  About  eight  drops  of  an  aqueous  solution  of  para- 
nitro-phenol  are  added  and  ^^  HCl  run  in,  in  sUgbt  excess.  The 
mucin  is  thereby  precipitated  and  the  determination  of  the  end 
point  made  easier  in  the  clarified  solution.  Next  -j^  NH4OH  is, 
added  until  the  first  faint  trace  of  a  yellow  color  is  discernible. 
The  difference  between  the  amount  of  acid  added  in  the  first 
instance  and  the  amount  of  alkali  added  in  the  second,  equals 
the  alkalinity  in  terms  of  cubic  centimeters  of  -jrir  HCl  and  is  thus 
reported. 

For  Acidity.  A  second  10-gram  sample  is  diluted  as  above 
and  about  four  drops  of  phenolphtbalein  are  added.  Then 
yJu  NaOH  is  run  in  until  the  first  permanent  pink  color  appears. 
Hie  cubic  centimeters  of  alkali  added  equals  the  acidity  of  the 
sample  in  terms  of  cubic  centimeters  of  -^  NaOH  and  are  thus 
reported. 

The  double  titration  in  the  determination  of  alkalinity  while 
not  absolutely  necessary,  is  advisable  as  it  makes  for  accuracy. 
For  instance  the  HCl  may  be  added  to  a  point  of  decoloration 
of  the  indicator  but  this  exact  point  is  obscured  in  many  instances 
by  the  color  of  the  sample  itself.  With  the  precipitation  of  the 
mucin,  by  the  addition  of  the  excess  of  acid,  this  difliculty  is 
overcome. 

Since  phenolphtbalein  does  not  react  satisfactorily  with 
ammonia  it  was  necessary  to  employ  NaOH  in  the  determination 
of  acidity,  while  the  NaOH  used  in  conjunction  with  the  para- 
nitro-phenol  was  not  so  satisfactory  as  NH4OH  for  the  reason 
that- the  latter  gives  a  more  definite  end  point  with  this  indicator. 

In  the  analyses  of  samples  from  those  institutions  outside  of 
San  Francisco  the  apparatus  and  solutions  were  taken  and 
analyses  made  at  the  respective  places  at  the  time  of  taking  the 
sample.  This  insured  a  direct  comparison  of  all  analyses  pre- 
sented, since  only  one  of  the  samples  was  allowed  to  stand  for 
longer  than  an  hour  before  titrating. 
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The  following  were  the  results  obtained  (tables  1-8).  In 
the  tables  the  word  "immunity"  is  used  in  the  sense  of  freedom 
from  caries.  Those  cases  which  on  careful  exMnination  showed 
no  fillings  and  no  areas  of  decay  have  been  referred  to  as  "ab- 
solute immunity. "  Those  cases  which  showed  fillings  but  not 
areas  of  decay  are  referred  to  as  "present  immunity."    The 

TABLE  1    :-■• 

Preaenl  imm-unity,  witlt'care 


«. 

oc. 

HUMBIB  c* 

CO. 

00. 

KUMBEBOIPAHIKT 

,5,  Ha 

j5,  Nrt)H 

"""" 

I?bHCI 

SOB  ""OH 

I 

23.00 

4.50 

3 

9.94 

4.82 

25.50 

4.30 

8.94 

5,02 

2S.40 

4.90 

9.20 

5.30 

16.02 

5.86 

18.10 

3.40 

16.80 

6.34 

12.06 

5.72 

11 

10.70 

5,80 

13.70 

5.42 

11.70 

5.45 

20.20 

6.42 

14 

7.68 

18,30 

2 

U.OO 

12.60 

13.70 

14.60 

36 

21.64 

,    4.41 

14.06 

13.10 

40 

9.90 

8.00 

11.02 

10.50 

41 

17.0* 

11.22 

7.36 

12,34 

55 

9,0* 

4.02 

9.40 

9.46     1 

61 

9,50 

4,30 

10.72 

9.34 

65 

10,60 

9,86 

8.32 

12. JO 

67 

13.70 

4.97 

12.00 

8.20 

■        70 

17.90 
14.46 

7.78 
5.10 

3 

17.70 

4.50 

74 

19,80 

8,00 

19.50 

5.60 

76 

26.60 

4,30 

17.50 

6.40 

89 

24.25 

2.70 

12.50 

5.00 

103 

7,80 

7,53 

term  "with  care,"  denotes  that  there  is  evidence  of  the  patient 
using  the  toothbrush,  i.e.,  "caries  with  care,"  denotes  that  a 
carious  condition  exists  at  the  time  of  taking  the  sample,  and  that 
the  patient  cleanses  the  mouth  and  endeavors  to  keep  the  teeth 
as  free  from  food  debris  as  possible. 

In  table  1  is  presented  the  results  of  the  titration  of  "normal 
resting  saliva"  collected  from  the  mouths  of  those  patients  who 
habitually  take  good  care  of  their  teeth  and  who  at  present  show 
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no  signs  of  caries.  In  the  case  of  the  first  three  patients  the  tests 
extended  over  a  period  of  days.  The  samples  were  taken  at  the 
same  time  each  day  and  titrated  at  once.  The  wide  variation 
shown  not  only  between  the  several  patients  but  also  daily  by  the 
same  patient  argues  against  the  theory  that  acidity  of  the  resting 
saliva,  (that  is  of  the  saHva  which  is  contaminated  with  the 
microoi^anisms  of  the  mouth  and  food  debris,)  is  an  influencing 
factor  in  the  catisation  or  progress  of  dental  caries,  and  also  against 
the  view  that  the  alkalinity  of  restii^  saUva  acts  as  a  protecting 


5 

24.60 

5.60 

50 

7.14 

7.52 

24.70 

7.20 

51 

11.32 

5.54 

22,20 

9.80 

53 

1.82 

12.02 

19-30 

14.40 

54 

12.52 

5.80 

58 

21,10 

alkaline 

(trace) 

8 

10.30 

9.26 

59 

11.86 

a.oo 

14.08 

11.88 

64 

11.40 

8.67 

14-20 

4.60 

72 

29.10 

3.44 

22.22 

7.60 

22.50 
20.10 

6.28 
3.44 

32 

8.06 

7.20 

73 

9.76 

15.60 

43 

15.14 

4.80 

79 

16.50 

2.13 

46 

13.38 

5.10 

83 

21.55 

7.00 

48 

17.26 

2.98 

96 

28.80 

6.97 

49 

2.66 

7.62 

97 

25.60 

4.45 

agent  against  caries.     It  will  be  shown  later,  however,  that  the 
activated  saliva  produced  imder  definite  stimulation,  is  an  influen- 
cing factor  in  the  production  and  maintenance  of  immunity. 
For  instance: 

In  patient  No.  2  Table  1  the  variation  ia   6.70  cc.  HCl;  6.40  cc.  NoOH. 

In  patient  No.  3  Table  1  the  variation  is    9.56  cc.  HCl;  1.20  cc.  NaOH. 

In  patient  No.  5  Table  2  the  variation  is    5.40  ci 

In  patient  No.  8  Table  2  the  variation  is  11.92  ci 

In  patient  No.  4  Table  3  the  variation  is    8.58  c( 

In  patient  No.  6  Table  4  the  variation  is    5.60  ci 

In  patient  No.  20  Table  4  the  variation  is  16.20  ci 


HCl 

S.ROi- 

c.  NaOH. 

HCl 

7.06  c 

c.  NaOH. 

HCl 

3.fi7  c 

.  NaOH. 

HCl 

1.30  c 

c.  NaOH. 

HCl 

8.02  c 

e.  NaOH. 
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TABLE  III 

Carioua,  vrilh  care 


xmnnoT 

cc 

CO. 

KDMBBBOJ 

oc. 

00. 

lunn 

IS,  N«OH 

"""" 

^,HC! 

T5B  N«OH 

4 

18.40 

4.80 

21 

15.36 

2.74 

19.60 

4.40 

.  37 

13.88 

5.06 

17.30 

3.65 

45 

7.20 

7.42 

1        19,70 

3.30 

60 

12.40 

4.60 

11.44 

5.50 

71 

2.95 

1.70 

i         11.22 

6.80 

80 

17.76 

7.70 

13.00 

5.58 

81 

28.80 

6.82 

1       20.80 

3.23 

101 

14.20 

7.67 

16 

1        14.60 

8.30 

102 

15.70 

7.40 

'        14.00 

12.90 

104 

17.30 

17.40 

TABLE  IV 

Carioua,  yrilhout  c. 


KUirauor 

cc. 

cc 

NDUBBBOr 

00. 

00 

PAT^Ht 

1(0  ^'^' 

,«,  N«3H 

PiTBT 

,il«HCl 

AN^H 

6 

16.60 

7.10 

39 

7.20 

9.22 

13.30 

8.40 

43    ■ 

12.30 

9.9Q 

11.00 

7.60 

47 

8.16 

3.10 

9 

4.70 

9.70 

52 

16.32 

1.00 

3.30 

12.00 

56 

16.64 

2.64 

10 

9.80 

29.30 

67 

16.46 

1.76 

4.20 

23.30 

62 

7.90 

12.70 

15 

13.38 

3.12 

68 

11.50 

4.63 

14.00 

2.90 

76 

18.50 

7.00 

16.50 

2.20 

77 

17.45 

15.00 

17 

9.40 

8.10 

82 

8.95 

18.33 

18 

2.80 

22.10 

84 

28.90 

3.70 

11.70 

16.00 

85 

17.40 

22.00 

20 

4.70 

13.20 

86 

28.90 

27,00 

12.90 

5.18 

87 

24.20 

2.76 

19.20 

7.20 

88 

16.65 

7.90 

20.90 

5.00 

90 

,     19.96 

10.00 

16.60 

6.43 

SI 

21.80 

9.40 

22 

8.15 

6.20 

93 

24.00 

11.70 

23 

6.90 

8.94 

94 

24.45 

U.IO 

26 

12.52 

3.16 

96 

29.35 

5.00 

33 

10.60 

5.00 

98 

14.00 

9.70 

34 

10.60 

3.80 

99 

36.60 

22.94 

35 

14.40 

10.08 

100 

25.35 

18.30 

38 

12.60 

3.42 
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From  the  above  it  is  readily  seen  that  no  "normal"  resting 
saUva  exists  for  a  variatioa  of  16.20  cc,  is  rather  to*  great  to 
admit  of  establishing  a  factor  which  will  definitely  represent  the 
"normal"  condition  of  the  saliva. 

On  further  comparison  also  of  tables  1  and  2,  one  observes 
that  the  looked  for  difference  in  clean  or  unclean  mouths  does  not 
exist.  That  is,  the  acidities  in  resting  saUva  are  relatively  no 
higher  in  the  one  case  than  in  the  other.  In  table  2,  patient  58, 
a  notation  in  reference  to  the  reaction  to  phenolphthalein  is 
made.  This  man  although  an  inmate  of  the  iostitution  for 
nfearly  four  yeai^  is  still  unclassified.  His  physical  condition  is 
good  and  he  is  accorded  the  freedom  of  those  who  worii  outside.  • 
The  writer  can  advance  no  theory  for  this  exception  in  reaction. 


TABLE  V 

Pyorrhea,  toitk 

are     ' 

*TSS"»r 

101  HCl 

j«,  NaOH 

■  24 
27 

7.16 
6,00 

I. IS 

8.10 

In  noting  the  diflferences  in  acidity  and  alkalinity  in  tables 
1,  2,  3  and  4,  we  fail  to  find  any  constant  factor  on  which  to 
base  the  assumption  that  the  resting  saliva  in  an  unclean  mouth 
has  a  higher  acid  or  alkali  content  than  the  saliva  from  a  clean 
mouth.  In  fact  the  condition  of  the  saliva  as  resting,  is  too 
variable  to  estabUsh  a  relationship  between  the  acidity  and 
alkalinity  of  a  clean  or  unclean  mouth,  and  the  acidity  and  alka- 
linity of  a  carious  or  an  immune  mouth. 

In  tables  5  and  6  the  number  of  cases  presented  is  too  small 
to  attempt  even  an  inference  as  to  the  relationship  or  lack  of  it 
that  exists  between  pyorrhea  and  the  reaction  of  saliva. 

Tables  7  and  8  likewise  show  a  lack  of  relationship.  The 
high  acidity  as  noted  in  table  7,  patient  66,  is  noteworthy.  In  this 
particular  case  the  form  of  the  teeth  invited  decay.  The  em- 
brasures between  were  not  particularly  well  marked  and  the 
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TABI£  VI 
Pyorrhea,  vnthout  cart 


NDMUBOF 

w. 

ro. 

oc. 

M. 

PATIBKT 

31 

9.84 

6,40 

83 

21.66 

7.00 

43 

15.14 

4.80 

81 

23.90 

3.70 

62 

7,90 

12.70 

85 

17.40 

22-00 

82 

8.95 

18.33 

86 

28.90 

27.00 

73 

9.76 

15.60 

87 

24.20 

2.76 

72 

29.10 

3.44 

90 

19,95 

10.00 

22.50 

6.48 

91 

21.80 

9.40 

-  proximal  contacts  rather  broad.  The  teeth  were  not  of  the  bell 
crowned  type  but  rather  straight  and  flat. 

All  of  tJie  foregoing  tables  and  above  remarks  have  been  in 
more  or  less  opposition  to  the  views  held  by  the  majority  of  the 
'  dental  profession  and  may  be  said  to  be  negative  in  character. 

The  following  tables  are,  however,  constructive  in  character, 
rather  than  destructive,  and  point  to  a  physiological  condi- 
tion constantly  present  but  which  requires  further  study  and 
experimentation. 

It  occurred  to  the  writer  that  it  might  be  interesting  to  note 
the  stimulation  reaction  of  sahva  (using  the  same  stimulus) 
in  the  mouths  of  those  who  have  carious  teeth  ajid  those  who  are 
not  susceptible  to  caries.  Chittendeoi  and  Richards  (13)  noted 
in  1898  "That  mechanical  stimulation,  as  chewing  a  tasteless 
substance,  and  alcohol,  ether,  gin,  whisky  taken  into  the  mouth 
all  lead  to  the  outpouring  of  a  saliva  richer  in  alkaline  reacting 
salts  and  amylolytic  power,  than  the  secretion  coming  wWuntt 
stimulation. " 


TABLE  vn 
Absolute  immunity,  with  ei 


BOunRor 

ec, 

jS,  HGl 

,g,  N.OH 

29 

16.26 

3.48 

30 

13.20 

4.20 

60 

14.80 

17.10 

TABLE  Vni 
Absotule  immunily,  viilkoul  ei 


10.38 
15.40 

17.00 
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It  was  along  this  line  that  the  writer  started  the  second  series 
of  experiments.  The  samples  for  these  experiments  were  ob- 
tained as  follows.  A  "normal  resting  saliva"  was  collected  in 
the  usual  way.  Then  a  small  piece  of  white  paraffine  was  given 
the  individual  with  the  instruction  not  to  chew  until  the  wax 
had  become  softened.  When  soft  the  ehewii^  was  commenced 
and  continued  until  about  20  cc.  of  sample  had  been  obtained. 
The  time  necessary  for  this  was  usually  from  fifteen  to  twenty 
minutes.  The  results  are  noted  in  tables  9  to  13  inclusive. 
In  table  9  one  notes  in.comparing  the  figures  in  column  3  with 
those  in  column  6  an  astonishing  drop  in  acidity,  viz.,  from  17.10 
cc.  to  0.80  cc.  and  in  comparing  columns  2  and  5  a  rise  in  alkalin- 
ity from  14.60  cc.  to  43.02  cc.     This  interestii^  relation  between 

TABLE  IX 

Paraffine  ilimvlits.    Abiotule  immunily,  irilh  care 


,.„. 

i.i«™o 

«..v* 

,»0  NtOE 

o.^,y. 

'"'•" 

1a- 

,5,  NaOH 

Nautnl- 

£^<=^ 

Neutisl- 
Uinl 

^ta^r'' 

ee 

j    14.60 

17.10 

31.70 

43.02 

0.80 

43.83 

72.3 

the  drop  of  the  acidity  on  the  one  hand  and  the  rise  of  alkalinity 
on  the  other  can  best  be  shown  in  the  following  way. 

In  considering  the  reaction  of  the  blood  and  some  of  the  other 
tissue  fluids  Henderson  (19),  Robertson  (20),  and  others,  have 
shown  that  in  measuring  the  power  of  the  blood  to  maintain 
neutrality,  this  power  may  be  estimated  by  adding  the  add  and 
alkali  tUraHons;  thus  measuring  the  amotmt  of  reagent  necessary 
to  change  the  reaction  of  the  blood  from  a  definite  alkalinity  to 
a  definite  acidity. 

In  discussing  this  subject  with  Dr.  Robertson  he  expressed 
the  matter  in  the  following  words: 

In  seeking  for  a  metliod  of  measuring  the  power  of  saliva  to  main- 
tain itself  neutral  it  is  necessary  to  bear  in  mind  the  fact  that  no  fluid 
can  remain  utterly  unchanged  in  reaction  as  a  result  of  adding  acids 
or  alkalies  to  it.    Some  change  will  ensue  as  a  result  of  these  additions 


dbyGoogIc 


272  JOHN  ALBERT  UAR8HALL 

and  that  fluid  poesesaes  the  greatest  power  of  maiatainii^  itself  neutral 
or  nearly  neutral  in  which  a  given  addition  of  acid  or  alkali  produces 
the  least  change,  or,  conversely,  in  which  a  given  chai^  in  acidity  ia 
brought  about  by  the  addition  of  the  largest  amount  of  reagent.  We 
may  measure  the  power  of  saliva  to  maintain  its  neutrality,  therefore, 
in  either  of  two  ways — we  may  measure  the  amount  of  change  pro- 
duced by  adding  a  given  proportion  of  acid  or  alkali  to  the  saliva — 
(the  smaller  the  amount  of  change  the  greater  the  power  of  the  saliva 
to  maintain  itself  neutral)  or,  which  is  more  convenient,  we  may  measure 
the  quantity  of  reagent  required  to  change  the  saliva  from  one  definite 
reaction  to  another  definite  reaction.  The-greater  this  quantity,  the 
greater  the  power  of  the  saliva  to  maintain  itself  neutral. 

The  reaction  of  normal  resting  sahva  corresponda  to  no  definite 
acidity  or  alkalinity — it  varies  not  only  from  individual  to  individual 
but  doubtless  from  moment  to  moment  in  the  same  individual,  since 
the  saliva  is  momentarily  exposed  to  countless  variable  influences 
which  must  and  do  affect  its  precise  reaction. 

In  order,  therefore  to  measure  the  quantity  of  acid  (or  alkali)  re- 
quired to  change  the  saliva  from  one  given  reaction  to  another  given 
reaction  we  must  first  reduce  all  the  samples  of  saliva  to  one  definite 
condition  (reaction)  and,  starting  from  this  definite  reaction  estimate 
how  much  acid  (or,  reversely,  alkali)  must  be  added  to  this  sahva  to 
change  it  to  another  definite  condition  (reaction). 


,B 


Let  "A  B"  be  any  quantity,  for  instance  a  distance  or  a  volume 
(e.g.,  cubic  centimeters  of  standard  acid  solution)  which  we  desire  to 
measure.  If  it  be  convenient,  it  is  obvious  that  we  can  just  as  well 
measure  "A  B"  by  adding  the  distance  "A  C"  to  the  distance  "C  B" 
as  by  measuring  "A  B"  in  one  operation. 

Applying  this  principle  to  the  measurement  of  the  power  of  saliva 
to  maintain  itself  neutral ,  the  position  of  "  C  "  will  represent  the  variable, 
fiuctuating  reaction  of  normal  resting  sahva.  "A"  will  be  a  definite 
reaction  on  the  acid  side  of  neutrality  (i.e.,  neutrality  to  para-nitro- 
phenol)  and  "B"  a  definite  reaction  on  the  alkaline  side  of  neutraUty 
(i.e.,  neutrality  to  phenolphthalein).  The  distance  "A  B"  is  the  num- 
ber of  cubic  centimeters  of  acid  required  to  change  the  saliva  from 
reaction  "B"  to  reaction  "A"  or,  reversely,  the  number  of  cubic  cen- 
timeters of  alkali  required  t^o  change  the  saliva  from  reaction  "A"  to 
reaction  "B." 
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This  distance  is  the  sum  of  the  distances  "A  C"  and  "C  B, "  this  is, 
of  the  number  of  cubic  centimeters  of  acid  required  to  bring  the  given 
sample  of  saliva  to  neutrality  to  para-nitro-phenol  and  the  number  of 
cubic  centimeters  of  alkali  which  is  required  to  bring  the  sample  to 
neutrality  to  pbenolphthalein.  In  other  words  by  adding  together  Ike  re- 
sults of  the  above  titrations  with  add  and  dlkaK  u>e  obtain  a  true  measure 
of  the  power  of  the  given  samples  of  saliva  to  maintain  their  neutrality. 
Neither  of  the  titration  values  taken  apart,  affords  such  a  measure,  for, 
as  explained  above,  the  reaction  of  resting  saliva  (position  of  C  in  the 
above  diagram)  varies  from  moment  to  moment  in  consequence  of  events 
which  we  cannot  estimate  or  define,  hence  the  separate  titres  (distances 


TABLE  X 

Paraffi. 

ne  atiwvXiu.    PmeTtl  immvnity,  vnik  care 

^.^..^^.        I 

«nv«. 

»«L.V. 

™.« 

■£^^' 

^,™    "S" 

37.82 

00. 

,f  0  N.OH 

H" 

r^ 

1 

20,20 

6.42        26.62 

2,10 

39,92 

66,00 

2 

12.90 

8.20        21.10 

47.50 

1,70 

49,20 

43,00 

3 

14.70 

3.40        18.10 

37,40 

1.70 

30,10 

46.00 

67 

13.70 

4.97        18,67 

34,95 

1.13 

36.08 

51,70 

70 

17.90 

7.78         25,68 

49.45 

2,60 

51,95 

49,40 

70 

14,45 

S,IO        19,55 

43.80 

1,20 

45.00 

43,60 

74 

19.80 

8.00    '    27,80 

45  35 

1,90 

47,25 

58.80 

75 

26.60 

4.30    i    30,90 

50,36 

1,93 

52,29 

59.10 

89 

24.25 

2.70        26.85 

32,80 

1.40 

34.20 

75,90 

103 

7.80 

7,53        15-33 

14,65 

3.90 

18-55 

82.65 

A  C  or  C  B)  varying  from  moment  to  moment  in  saliva  of  every  indi- 
vidual but  their  sum,  "A  B,"  remains,  it  is  probable,  reUUively  constant 
and  characteristic. 

The  samples  for  the  following  tables  are  from  two  classes  of 
individuals.  First,  those  persons  who  were  regularly  engaged 
in  their  daily  routine  as  students,  members  of  the  office  force, 
etc.  Second,  those  persons,  convalescent  in  the  surgical  wards 
of  the  different  hospitals,  who  were  taking  no  medication  (except 
as  noted)  and  who  were  on  full  diet. 

Referring  again  to  table  9  it  is  observed  in  this  case  of  absolute 
immunity  that  the  ratio,  expressed  in  percentage,  between  the 
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neutralizit^  power  of  normal  resting  saliva  and  that  of  the 
activated  saliva  which  the  writer  terms  the  "salivary  factor," 
is  72.3. 

Table  10  which  is  composed  of  cases  of  present  immunity 
with  care  shows  a  relationship  similar  to  the  preceding  table. 
The  "salivary  factor"  with  one  exception  is  below  80,  fluctu- 
ating between  43  and  75.9.  Concerning  t)^e  exception,  patient 
Number  103,  the  writer  will  not  attempt  to  theorize.  The 
clinical  record  shows,  however,  an  acid  urine. 

In  table  11  the  variation  is  nearly  the  same  as  in  the  two 
preceding  tables  and  all  percentages  fall  below  80.     In  patient 

TABLE  XI 
ParaffiTie  sltmuliit.     Present  imrnunity,  vHlkout  care 


NOIU. 

LHi^INa 

^,v. 

«nv^™.«.iT. 

l-An^T 

j^,  NsOH 

H' 

S«(  HCl 

jj,  N»OH 

power 

btinir 

8 

22.23 

7.60 

29.82 

57-55 

0.90 

58.45 

51.00 

64 

11.40 

8.67 

20.07 

30.90 

6.00 

36.90 

53.85 

65 

10.60 

9.86 

20.46 

20.00 

6,00 

26.00 

78.70 

72 

29.10 

3.44 

32.54 

43.22 

3.20 

46.42 

70.10 

72 

22.50 

6.28 

28,78 

36.80 

2.70 

39.50 

72.90 

73 

9.75 

15.60 

25.35 

25.90 

5.97 

31.87 

79.60 

79 

16.50 

2.13 

18.63 

35.14 

—0.40 

35,14 

53-00 

83 

21.66 

7.00 

28.55 

39.20 

4,00 

43.20 

66.10 

96 

28.80 

6.97 

35.77 

56.20 

0.70 

56.90 

62.90 

97 

26.60 

4,45 

30.05 

37.70 

1.40 

39.10 

76.90 

79  the  activated  saliva  was  alkaline  to  phenolphthalein  0.40  cc. 
3^ n  HCl.  This  was  one  of  the  very  few  exceptions  to  the  general 
rule  that  saliva  reacts  acid  to  that  indicator.  Duplicate  determi- 
nations were  made  on  successive  days  the  alkaline  titration 
figure  being  0.30  cc.  ^  HCl  in  one  instance,  and  0.70  cc.  yj^ 
HCl  in  another.  The  salivary  factor  is  constant  within  certain 
limits  for  the  same  individual  when  the  same  conditions  obtain 
at  the  time  each  sample  is  taken.  For  instance,  patient  72, 
varied  on  successive  days  between  70.1  and  72.9  per  cent. 

Turning  now  to  table   12,    "carious    with  care,"  a  marked 
difference  in  the  salivary  factor  is  at  once  apparent;  for  in  all 
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these  cases  it  is  above  80,  fluctuating  between  84  and  119.3.  In 
this,  and  the  following  table,  all  degrees  of  carious  conditions 
are  presented. 

Table  13,  "carious  without  care,"  shows  two  exceptions.  In 
the  first  ease.  Number  20,  the  patient  was  suflfering  from  acute 
nephritis,  hip  arthritis,  tuberculosis,  and  syphilis.  These 
facts  may,  or  may  not,  explain  the  low  factor.  In  the  second 
case,  Niunber  94,  the  patient  was  taking  sodium  phosphate. 
Patient  93  is  an  example  of  an  abnormally  high  saUvary  factor. 
The  individual  was  suffering  from  peripheral  neuritis  and  the 
disordered  reflexes  as  evidenced  in  other  ways  might  account 

TABLE  xu 
Paraffine  slimuliu.     Carious  with  care 


xB»mKo 

L^.V. 

™v*™,,^* 

™«pSit' 

M 

00. 

Neulml- 

« 

M. 

N.«tnd. 

.S.  HCI 

j^NbOH 

iSflHCl 

jj,  NaOH 

2.00 

power 

4 

20.80 

3.23 

24.03 

26.40 

28.40 

84,6 

80 

17.75 

7.70 

25-45 

24.40 

2.52 

26.92 

94.5 

81 

28.80 

5.82 

34-62 

32.74 

2.22 

34.96 

99.0 

101 

14  20 

7.67 

21.87 

15.05 

5-50 

20.55 

106.4 

102 

15-70 

7.40 

23.10 

19-45 

4,00 

23.45 

98.5 

104 

17.30 

17.40 

24,70 

25-80 

3-30 

29.10 

119.3 

for  the  high  factor.  In  another  case,  patient  77,  two  sets  of 
analyses  are  shown.  The  first  set  are  from  samples  taken  be- 
tween 9.30  and  10.30  a.m.  and  the  second  from  samples  taken 
at  6  a.m.  immediately  on  wakii^.  The  latter  sample  was  not 
titrated  until  three  hours  after  it  had  been  collected  and  through 
error  had  been  kept  in  a  warm  room  in  the  interim.  The  writer 
suggests  that  these  conditions  might  account  for  the  difference 
in  the  two  sahvary  factors  for  the  same  individual. 

The  following  cases  were  all  suffering  from  rampant  caries: 

Table  12,  Patient  104. 
Table  13,  Patient  86. 
Table  13,  Patient  90. 
Table  13,  Patient  100. 
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It  is  interestiDg  to  note  that  in  all  these  examples  the  salivary 
factor  is  abnormally  high,  bemg  119.3,  121.8,  132.8,  122.9, 
respectively.  The  number  of  cases,  however,  is  so  small  that  it 
would  be  presumptuous  to  infer  that  rampant  caries  is  always 
associated  with  an  exceptionally  high  salivary  factor.  It  wo^^ld 
appear,  howeter,  legitimate  to  conclude  that  in  those  persons 
susceptible  to  caries  the  ratio  of  the  neutralizing  power  of  the 
TABLE  xin 
Paraffine  atimulua.    Cariovi  vnthoui  care 
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20.90 

5.00 

25.90 

39.80 

3.00 

42.80 

60.5 

76 

18.50 

7.00 

25.50 

22,80 

2.13 

24.93 

102.0 

77 

17.45 

15.00 

32.46 

26.40 

4.98 

31.38 

103.4 

77  (6  a.m.) 

24.76 

22.00 

46.75 

32.92 

6.00 

38.92 

120.0 

82 

8.95 

18.33 

27.28 

24.35 

4.30 

28.65 

95.0 

84 

28.90 

3.70 

32.60 

30.60 

0.50 

31.00 

105,0 

85 

17.40 

22.00 

39.40 

31.65 

4.63 

36.58 

107,7 

86 

28.90 

27.00 

65.90 

40.50 

6.40 

46.90 

121,8 

87 

24.20 

2.76 

26-96 

26.75 

2.00 

28.75 

93.8 

90 

19.95 

10.00 

29.95 

20.15 

2.47 

22.62 

132,8 

91 

21.80 

9.40 

31.20 

30.50 

3.70 

34.20 

91,2 

93 

24.00 

11.70 

35.70 

19.50 

5.73 

25.23 

160.6 

94 

24.45 

11.10 

35.55 

41.00 

9.40 

50.40 

70.5 

95 

29.35 

5.00 

34-35 

30.75 

4.00 

34.75 

98.9 

98 

14.00 

9.70 

23.70 

22.86 

2.00 

24.86 

95.3 

99 

36.60 

22.94 

59.54 

46,40 

12.60 

58.00 

102.6 

100 

25.35 

18,30 

43.85 

32.56 

2.97 

35.52 

122.9 

normal  resting  saliva  compared  to  that  of  the  activated  saliva 
diiTers  from  the  ratio  observed  in  those  immune  from  caries. 

Assume  for  example  that  the  neutralizing  power  of  the  normal 
resting  saliva  is  represented  by  25  cc.  and  that  of  the  activated 
saliva  by  25  cc;  the  ratio  between  the  two  is  H  or  unity  or  100 
per  cent.  Further,  if  the  neutrahzing  power  of  the  normal 
resting  saliva  is  20  and  that  of  the  activated  saliva  is  15  the 
ratio  is  H  or  133  per  cent.  In  this  latter  case  the  normal  resting 
saliva  is  the  more  potent  of  the  two  secretions  in  maintaining 
the  neutrality  of  the  oral  cavity. 
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These  two  examples  illxistrate  the  ratio  ofotaitied  in  carious 
conditions.  Consider  now,  the  immune  ratio.  Assume  that 
15  cc.  equals  the  neutralizing  power  of  the  normal  resting  saliva 
and  that  25  cc.  equals  that  of  the  activated  sahva,  then  U  equals 
60  per  cent.  In  other  words  the  power  of  the  normal  resting 
saliva  is  only  60  per  cent  of  the  power  of  the  activated  saliva  and 
a  reserve  neutrahzing  power  may  be  secreted  under  the  necessary 
stimulus.  In  the  carious  condition,  however,  there  is  no  reserve 
power  or,  at  least,  where  the  factor  is  between  84  and  100,  it  is 
too  small  to  be  of  much  effect;  in  fact  in  those  cases  where  the 
factor  is  above  100  per  cent  the  neutrahzing  power  of  the  acti- 
vated saliva  is  less  than  that  of  the  normal  restii^  sahva.  If 
it  can  be  determined  what  physiological  process  is  concerned  in 
the  production  of  an  activated  saliva,  containing,  constantly, 
a  greater  neutralizing  power  than  the  normal  resting  saliva, 
the  writer  ventures  to  suggest  that  a  definite  step  will  be  made 
in  the  elucidation  of  the  etiology  of  dental  caries. 

Henderson  (19),  in  considering  the  equihbrium  between 
acids  and  bases  in  the  animal  organism  says  that  "This  acid-base 
equilibritun  may  stand  in  direct  relation  to  bone  formation, 
rickets  and  osteomalacia."  What  the  relationship  may  be 
between  this  equilibrium  in  the  saliva  and  dental  caries  is  indi- 
cated in  tbe  above  tables. 


1.  That  the  reaction  of  normal  resting  saliva  is  too  vari- 
able to  be  a  positive  factor  in  indicating  any  of  the  following 
conditions: 

(a)  Absolute  immunity  either  with  or  without  care. 

(b)  Present  immunity  either  with  or  without  care. 

(c)  Caries  either  with  or  without  care. 

2.  That  a  method  analogous  to  that  employed  by  Henderson 
(19)  in  measuring  the  power  of  the  blood  to  maintain  neutrality 
is  applicable  to  the  determination  of  the  same  power  shown  by 
the  activated  saliva. 

3.  By  means  of  this  method  a  "saUvary  factor"  may  be  evalu- 
ated, namely,  ihe  ratio  of  the  neutralizing  powers  of  the  "normal 
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resting"  and  "activated"  salivas  respectively,  the  magnitude 
of  which  appears  to  be  indicative  of  immunity  from  caries  or 
the  reverse. 

4.  In  persons  who  are  either  absolutely  immune  or  for  the 
present  immune  from  caries  the  magnitude  of  this  factor  (ex- 
pressed in  percentage)  varies  between  43  and  80,  while  in  per- 
sons whose  teeth  are  carious  this  factor  varies  between  80  and 
132. 

The  writer  avails  himself  of  this  opportunity  to  ejq)ress  his 
appreciation  and  to  acknowlec^e  his  indebtedness  to  those 
members  of  the  faculty  and  heads  of  institutions  who  have  shown 
such  a  whole  hearted  interest  in  the  work  presented  and  who 
have  made  it  possible  for  him  to  carry  out  these  experiments. 
Without  their  cooperation  it  would  have  been  exceedingly 
difficult  to  obtain  patients  and  to  work  out  the  several  lines  of 
thou^t  suggestfed. 
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In  1889  von  Meting  and  Minkowski  discovered  that  com- 
plete extirpation  of  the  pancreas  produces  fatal  diabetes.^  The 
attempt  of  Pfliiger  to  show  that  this  diabetes  following  removal 
of  the  pancreas  is  due,  not  to  the  absence  of  the  pancreas,  but  to 
injury  to  the  duodenum  and  the  nerves  connecting  the  pancreas 
with  the  r^t  of  the  viscera,  must  be  considered  a  failure.*  The 
original  conclusion  of  von  Merii^  and  Minkowski  is  definitely 
established:  the  loss  of  the  pancreas  results  in  fatal  diabetes. 
But  the  subsequent  endeavor  to  determine  how  absence  of  the 
pancreas  causes  diabetes  is  practically  a  record  of  repeated  fail- 
ures. The  leading  idea  in  all  this  work  has  been  the  internal 
secretion  theory,  or  that  the  pancreas  yields  some  substance  to 
the  blood  in  some  way  necessary  for  the  oxidation  of  the  sugar 
by  the  tissue  cells.  But  in  the  absence  of  conclusive  demon- 
stration of  the  internal  secretion  the  possibiUty  that  the  work 
of  the  pancreas  in  maintaining  normal  sugar  metabolism  con- 
sists of  detoxication  processes  must  always  be  kept  in  view. 
The  fact  that  even  temporary  glycosuria  is  not  induced  in  nor- 
mal animals  by  diabetic  blood  does  not  render  the  detoxication 
hypothesis  untenable. 

Some  light  has  been  thrown  on  the  nature  of  pancreatic  dia- 
betes by  results  and  experimental  methods  that  may  be  inter- 

•  V.  Mering  and  Minkowski:  Arch,  f.  exp.  Path.  u.  Phann.,  1889,  icivi,  p,  371, 
'  PflUger:  Arch.  f.  d.  gea.  Physiologie,  1905,  c.  vi,  p.  181;  Minkoewki:  Arch.  f. 
exp.  Path.  u.  Fharm.,  1908,  lix,  p.  895. 
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preted  either  on  the  detoxication  or  the  internal  secretion  theories. 
We  refer  to  the  methods  of  parabioses  (Forschbach),*  cross- 
circulation  and  transplantation  (Hedon)/  and  pancreatectomy 
in  late  pregnancy  (Carlson)  .*  It  is  obvious  that  conditions  which 
establish  direct  or  indirect  relation  of  the  blood  of  a  diabetic 
animal  to  living  pancreas  tissue  may  cause  a  change  in  the  course 
of  the  disease  either  by  detoxication  or  by  internal  secretion.  On 
the  other  hand,  if  it  can  be  shown  that  the  oxidation  of  sugar  by 
the  tissues  is  augmented  by  some  substance  from  the  pancreas, 
or  that  pancreatic  diabetes  is  temporarily  ameliorated  by  trans- 
fusion of  normal  blood,  the  internal  secretion  theory  is  established. 
The  new  method  of  attack  introduced  by  Cohnheim'  has  not 
yielded  consistent  results,  and  in  the  light  of  the  findings  of 
Levene  and  Meyer  the  method  itself  is  called  in  question,  as  it 
appears  that  in  mixtures  of  sugar  plus  pancreas  extract  plus 
muscle  extract,  the  sugar  is  polymerized,  not  oxidized.'  The 
method  of  studying  the  action  of  pancreas  extracts  on  the  sugar 
consumption  of  the  entire  diabetic  animal  or  on  isolated  but 
living  organs  of  the  diabetic  animal  is  more  physiological  than 
that  of  Cohnheim,  but  the  results  to  date  are  practically  nega- 
tive.* This  may  be  due  to  failure  to  obtain  the  specific  secretion 
in  the  pancreas  extract,  as  well  as  to  the  difficulty  of  findii^  a 
reliable  index  of  sugar  oxidation  in  an  isolated  organ.  In  respect 
to  this  latter  point  it  is  obvious  that  our  methods  so  far  have 
been  too  crude  or  violent.  The  diabetic  animal  does  not  bum 
sugar,  to  any  appreciable  extent,  which  means  that  the  individual 
organs  of  the  diabetic  animal  do  not  bum  sugar;  yet  when  we 
compare  the  sugar   consumption  of  the  isolated  organ  of  the 

'Forachbachi  Arch.  f.  exp.  Path.  u.  Phftrm.,  1908,  U,  p.  131. 

•  Hedon:  Arch,  intern,  de.  Phya.,  1913,  xiii,  p.  4;  p.  265. 

»Cttrlson:  Am.  Jour,  of  PhyBiol.,  1911,  nxviii,  p.  391;  Jour.  Biol.  Ch.,  1914, 
xvii,  p.  19. 

•Cohnheim:  Zeitschr.  f.  phyaiol.  Ch.,  1903,  xxwx,  p,  336. 

'  Levene  and  Meyer:  Jour,  of  Biol.  Ch.,  1911,  ix,  p.  389. 

•Knowlton  and  Starling:  Jour,  of  Physiol.,  1912.  xlv,  p.  146;  Maclean  and 
Smedley:  ibid.,  p.  420;  Macleod  and  Pearce:  Am.  Jour,  of  Physiol.,  1913,  xxxii,  p. 
184;  Patterson  and  Starling:  Jour,  of  Physiol.,  1913,  xlvii,  p.  137;  Macleod  and 
Pearce:  Am.  Jour,  of  Physiol.,  1914,  xxxiii,  p.  378. 
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normal  and  the  diabetic  animal,  we  have  so  far  failed  to  find  any 
difference! 

To  our  way  of  thinking  the  method  least  artificial  and  vio- 
lent as  regards  the  hypothetical  pancreas  secretion  and  the  least 
injurious  to  the  test  object,  that  is,  the  diabetic  animal,  is  the 
transfusion  of  normal  blood.  Yet,  note  the  contradictory  and 
ambiguous  results  from  this  mode  of  attack!  Lepine  reports 
a  temporary  diminution  in  the  output  of  sugar  in  the  urine,  but 
no  diminution  in  the  blood  sugar.*  This  would  seem  to  point 
to  some  injurious  action  of  the  foreign  blood  on  the  kidneys. 
Hess  injected  intravenously  50-150  of  blood  from  diabetic  dogs 
into  normal  dogs  (on  the  theory  that  diabetic  blood  might  stimu- 
late the  pancreas  to  a  greater  output  of  the  internal  secretion) 
and  0-14  hours  later  he  injected  the  serum  from  this  animal 
into  diabetic  dogs.  The  influence  on  the  glycosuria  of  the  dia- 
betic animal  was  slight  or  inconstant. i"  In  view  of  the  results 
reported  from  this  laboratory  a  few  years  ago  by  Drennan," 
it  seems  likely  that  in  the  experiments  of  Hess  the  pancreas 
secretion  in  the  blood  was  destroyed  by  the  delay  in  centrifuging 
the  blood.  Alexander  and  Ehrmann'^  injected  blood  from  the 
pancreatic  duodenal  vein  of  normal  dogs  into  diabetic  dogs, 
but  obtained  no  definite  or  constant  decrease  of  the  glycosuria. 
In  some  of  the  experiments  secretin  was  added  to  the  blood  to 
be  injected.  The  reason  for  this  is  not  apparent.  These  investi- 
gators state  that  dogs  with  the  pancreas  completely  extirpated 
but  otherwise  healthy  and  in  good  spirits  sometimes  void  urine 
free  from  sugar,  in  the  absence  of  alt  experimental  interference. 
This  has  never  been  noted  in  this  laboratory  in  the  cases  of  more 
than  100  diabetic  dogs,  except  in  cases  of  incomplete  pancreas 
extirpation. 

Drennan,  working  in  this  laboratory,  injected  50-150  cc.  of 
fresh  defibrinated  dogs'  blood  into  the  veins  of  diabetic  dogs  and 
invariably  obtained  a  temporary  lowering  of  the  urine  sugar  and 

"Lepioe:  Le  diob^te  eucr£.,  1909,  p.  363. 
"Hesa:  Mtinch.  Med.  Woch.,  1902,  p.  1449. 
"  Drennan:  Am.  Jour,  of  Physiol.,  1911,  xxviii,  p.  396. 
'=  Alexander  and  Ehrmann:  Zeitschr.  t.  exp.  Path.,  1908,  p.  367. 
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the  D:N  ratio.  Defibrinated  sterile  blood  loses  this  action  on 
standing  for  a  few  hours.  The  course  of  the  blood  sugar  in  the 
injected  animals  was  not  studied.  Hedon  has  reported  a  very 
extensive  series  of  blood  transfusion  in  diabetic  dogs.  Direct 
transfusion  of  normal  blood  into  a  diabetic  dog  previously  bled 
dry  causes  a  temporary  lowering  of  the  blood  sugar  and  decrease 
or  complete  suppression  of  the  glycosuria,  but  since  the  same 
results  were  produced  when  blood  from  a  diabetic  dog  was  trans- 
fused into  another  diabetic  dog  Hedon  concludes  that  the  tem- 
porary diminution  of  the  hjTJerglycemia  and  glycosuria  follow- 
ing the  transfusion  were  not  due  to  any  specific  pancreas  secre- 
tion in  the  blood  but  to  a  lowering  of  the  blood  sugar  by  dilution 
and  to  a  toxic  action  of  the  foreign  blood  on  the  kidneys.  The 
results  of  the  cross  transfusion  experiments  reported  by  Hedon 
do  not  concern  us  here,  since  these  may  be  interpreted  in  various 
ways  (detoxication  by  the  pancreas,  storage  of  glycogen  in  the 
normal  animal,  dilution  of  the  diabetic  blood,  etc.).  Hedon 
also  transfused  (cross  transfusion  as  well  as  serum  injections) 
blood  from  the  piancreatic  vein  of  normal  into  diabetic  dogs.  A 
slight  temporary  lowering  of  the  hyperglycemia  with  a  greater 
reduction  of  the  urine  sugar  was  noted,  but  the  latter  is  inter- 
preted as  due  an  injurious  action  of  the  foreign  blood  on  the 
kidneys.  Hedon  concludes  that  the  internal  secretion  of  the 
pancreas  acts  on  and  is  absorbed  by  the  liver,  and  is  therefore 
not  present  in  the  blood  of  the  systemic  circulation.  Hedon 
attempted  to  obtain  evidence  in  support  of  this  view  by  intro- 
ducing a  living  pancreas  in  the  systemic  and  in  the  portal  circu- 
lation of  diabetic  dogs.  With  the  living  pancreas  interposed 
in  the  portal  circulation  the  hyperglycemia  and  glycosuria  were 
diminished,  but  interposed  in  the  general  circulation  the  pan- 
creas had  no  eifect.  We  do  not  think  that  these  latter  results 
of  Hedon  can  be  accepted,  in  view  of  what  is  known  concerning 
the  carbohydrate  metabolism  in  dogs  with  Eck  fistula.  In  the 
animal  with  the  Eck  fistula  the  internal  secretion  of  the  pancreas, 
if  there  is  one,  must  pass  into  the  general  circulation,  and  only  a 
small  part  of  it  can  reach  the  liver  by  way  of  the  hepatic  artery, 
just  ^  in  Hedon's  diabetic  dogs  with  the  Uving  pancreas  from 
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another  dog  interposed  in  the  geneial  circulation;  yet  the  Eck 
fistula  d(^  does  not  develop  diabetes. 

Mnrlin  and  Cramer'*  have  recently  reported  one  experiment 
with  transfusion  of  normal  blood  into  a  diabetic  dog,  using  the 
respiratory  quotient  as  a  measure  of  sugar  oxidation.  The 
average  R.Q.  for  two  one-hour  periods  before  the  transfusion  was 
0.678;  for  four  one-hour  periods  after  the  transfusion  0.700.  No 
conclusion  can  be  based  on  the  results  of  a  single  experiment, 
but  so  far  as  they  go  in  this  case,  the  transfusion  raised  the  R.Q. 
Murlin  and  Cramer  appear  to  have  had  in  mind  transfusion  as 
"a  measure  of  practical  importance"  in  clinical  diabetes,  and  are 
therefore  disappointed  with  the  results.  To  our  way  of  think- 
ing this  one  experiment  was  sufficiently  encouraging  to  warrant 
ten  or  twenty  additional  ones,  in  the  hope  of  settling  the  wexed 
question  of  internal  pancreatic  secretion,  whether  or  not  blood 
transfusion  will  be  a  measure  of  practical  importance  in  clinical 
diabetes. 

Raulston  and  Woodyatt  appear  to  be  the  first  to  make  use  of 
blood  transfusion  as  a  practical  therapeutic  measure  in  diabetes 
melituB  in  man.'*  The  patient  was  a  man  in  the  thirties,  but  the 
diabetes  was  of  several  years'  standing,  with  severe  acidosis,  and 
periods  of  threatening  coma.  The  biood  (500  cc.)  was  yielded 
by  a  two  year  older  brother  of  the  patient.  The  sera  of  the  two 
persons  showed  no  lytic  action  on  the  respective  corpuscles. 
The  blood  iran^usion  augmented  all  the  diabetic  symptoms  for  secera! 
days.  In  that  respect  this  single  transfusion  test  in  clinical 
diabetes  differs  from  all  transfusion  experiments  in  experimental 
diabetes  so  far  in  the  Uterature.  No  investigator  reports  a  single 
instance  of  blood  transfusion  aggravating  the  pancreatic  diabetes 
in  dogs.  In  judging  the  importance  of  the  negative  results  of 
this  single  test  on  man  it  must  be  taken  into  consideration  that 
the  patient  was  in  the  last  stage  of  diabetes,  and  died  in  coma 
not  long  after  the  test.  Furthermore,  there  is  no  evidence  that 
this  patient  was  primarily  a  case  of  pancreatic  diabetes. 

The  above  r^um€  goes  to  show  that  blood  transfusion  in 

"  Murlin  »nd  Cramer:  Jour,  of  Biol.  Ch.,  1913,  xv,  p.  380. 

>*  Raulston  and  Woodyatt:  Jour.  Am.  Med.  Aas.,  1914,  Ixii,  p.  996. 
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pancreatic  diabetes  has  to  date  yielded  positive  (even  if  transi- 
tory), ambiguous  or  contradictory,  and  apparently  negative 
results.  This  being  the  case,  is  there  any  justification  for  further 
attempts  at  analysis  of  the  diabetes  problem  by  the  method  of 
blood  truisfusion?    We  think  there  is  and  for  the  following 


1.  The  results  of  transfusion  experiments  where  the  diabetic 
animal  was  bled  dry  or  nearly  dry  before  being  transfused  with 
normal  blood  are  of  doubtful  value,  because  of  the  temporary 
asphyxia  of  the  kidneys  and  the  tissues  in  general  by  the  exces- 
sive bleeding. 

2.  The  results  of  prolonged  cross  transfiision  or  direct  trans- 
fusion by  means  of  direct  connection  of  the  blood  vessels  of 
donor  and  recipient  are  rendered  practically  valueless  by  use 
of  anesthetics,  or  when  anesthetics  are  not  used,  by  the  trauma- 
tism and  stru^;ling  of  donor  and  recipient. 

3.  Hedon's  contention  that  the  pancreatic  internal  secretion 
is  found  only  in  the  portal  circulation  and  that  blood  from  the 
pancreas  has  no  antidiabetic  action  unless  introduced  directly 
into  the  portal  circulation  is  rendered  untenable  by  the  well  known 
facts  in  the  case  of  Eck  fistiUa  animals.  It  is  probable  that  in 
Hedon's  experiments  the  pancreas  was  too  greatly  traumatized 
or  asphyxiated  to  function. 

4.  Negative  results  from  injection  of  serum  of  normal  animals 
into  diabetic  animals  are  of  httle  or  no  significance,  because  the 
delay  and  manipulation  of  the  blood  to  obtain  the  serum  prob- 
ably permits  destruction  by  oxidation  of  most  of  the  pancreatic 
secretion, 

5.  Extracts  of  the  pancreas  apparently  injures  the  kidneys," 
but  Hedon's  contention  that  transfusion  of  blood  from  one  dog 
into  another  invariably  injures  the  kidneys  of  the  recipient  in 
such  a  way  that  they  become  less  permeable  to  si^ar  must  be 
more  firmly  estabUshed,  if  it  is  to  overthrow  the  positive  re- 
sults of  transfusion  in  the  way  of  decreased  hypet^ycemia  and 
glycosuria. 

"  De  Meyer:  Arch,  intern,  de  Phyeiol.,  1W9,  viii,  p.  121;  Vahlen:  Zeitech.  f. 
physiol.  Ch.,  1009,  lix,  p.  104. 
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6.  Negative  results  of  transfusion  in  advanced,  stages  of  abso- 
lute diabetes  are  probably  of  no  significance  as  regards  the 
question  of  an  internal  secretion  of  the  pancreas,  as  in  late  dia- 
betes secondary  tissue  changes  are  present,  which  the  pancreas 
secretion  is  probably  unable  to  modify  directly. 

BXPEBIMBNTAL  PROCEDURE 

The  transfusion.  In  all  of  our  experiments  we  aimed  at  trans- 
fusing a  quantity  of  blood  equal  to  about  one-tenth  the  volume  of 
the  blood  of  the  recipient.  This  was  done  without  previous  bleed- 
ing of  the  recipient.  The  blood  was  drawn  from  the  carotid  of 
the  donor  into  a  sterile  syringe  carefully  oiled  and  injected  into 
the  recipient  through  a  large  hypodermic  needle  inserted  into 
the  saphenous  vein.  By  working  moderately  fast  there  is  no 
danger  from  coagulation.  By  this  inethod  the  recipient  is  not 
subjected  to  anesthetics,  traumatism,  pain,  or  struggling.  By 
transfusing  only  about  one-tenth  of  the  recipient's  own  blood  vol- 
ume there  is  no  disturbance  of  the  circulation  from  an  excess  of 
blood,  and  previous  bleeding  is  therefore  not  necessary.  It  seems 
reasonable  to  suppose  that  the  less  disturbances  the  recipient  is 
subjected  to  the  more  certain  one  can  be  in  ascribing  changes 
in  the  diabetes  to  some  specific  action  of  the  transfused  blood 
itself. 

The  determination  of  the  blood  sugar.  The  samples  of  blood 
for  sugar  determination  were  drawn  from  the  saphenous  vein 
by  means  of  a  hypodermic  needle,  or  from  the  end  of  the  tail. 
The  quantity  of  blood  drawn  was  determined  by  weighing.  All 
the  samples  were  approximately  5  cc.  All  our  sugar  determi- 
nations were  made  by  the  Rona-Michaelis'  method,  or  a  combi- 
nation of  this  with  the  method  of  Bertrand.  The  tests  were  run 
in  duplicates  so  far  as  this  was  possible. 

The  urine' sugar  was  determined  by  the  method  of  Benedict. 
The  dogs  were  not  catheterized  as  this  cannot  be  done  repeatedly 
without  producing  cystitis.  Our  24r-hour  samples  of  urine  are 
therefore  subject  to  the  time  variations  in  volimtary  micturition. 

The  care  and  feeding  of  the  diabetic  dogs.  The  panereatec- 
tomized  animals  were  fed  on  lean  meat  and  water. 
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The  influence  of  troTisftmon  of  normal  blood  on  the  hyperglycemia 

The  results  of  our  20  experiments  on  12  diabetic  dogs  are  given 
in  Table  I.  In  no  case  did  the  transfusion  increase  the  diabetic 
hyperglycemia.  In  three  experiments  (Dog  I,  expt.  3,  and  Dog 
II,  expt.  1;  Dog  V,  expt.  1).  There  appears  to  be  no  change  in 
the  blood  sugar  of  the  recipient.  In  all  the  remaining  experi- 
ments there  is  a  lowering  of  the  hyperglycemia,  but  in  two  cases 
(Dog  II,  expts.  2  and  3)  is  too  small  to  have  any  significaDce. 
The  decrease  in  the  hyperglycemia  is  very  temporary,  probably 
not  exceeding  6-10  hours. 

The  experiments  on  Dogs  VII-X  demonstrate  that  this  low 
ering  of  the  hjTjerglycemia  is  not  a  matter  of  dilution  of  the 
diabetic  with  the  normal  blood,  as  the  dilution  factor  must  be  at 
its  maximum  within  a  few  minutes  after  completion  of  the 
transfusion.  That  dilution  is  not  an  important  factor  can  be 
shown  in  other  ways.  For  example,  in  a  diabetic  dog  having 
750  cc.  of  blood  with  a  sugar  content  of  0.25  per  cent  transfus- 
ing 75  cc.  of  blood  from  a  normal  dog  with  the  blood  sugar  0.10 
per  cent  can  by  dilution  alone  reduce  the  hyperglycemia  from 
0.25  per  cent  to  0.238  per  cent.  In  this  connection  we  may  also 
note  the  results  of  three  experiments  in  which  we  made  intra- 
venous injections  of  Ringer's  solution  in  amounts  equal  to  one- 
tenth  of  the  total  quantity  of  blood  in  the  diabetic  dog: 

Experiment  1.  Blood  sugar  before  transfusion  0.34;  b'ood  sugar  3i 
hrs;  after  transfusion  0.30. 

Experiment  2.  Blood  sugar  before  transfusion  0.25;  blood  sugar  2J 
hrs;  after  transfusion  0.25. 

Experiifaent  3.  Blood  sugar  before  transfusion  0.25;  blood  sugar  2i 
hrs;  after  transfusion  0.26. 

Since  the  output  of  sugar  in  the  urine  in  diabetes  is  propor- 
tional to  the  h3^erglycemia,  it  is  evident  that  the  temporary 
reduction  of  the  hyperglycemia  of  pancreatic  diabetes  by  trans- 
fusion of  normal  blood  is  a  factor  in  the  parallel  reduction  of  the 
glycosuria. 
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The  ittftnence  on  the  hyperglycemia  of  pancreatic  diabeUa  in  dons  oj  Iranafvtion  of 
blood  from  normal  dogs.  The  blood  aa^ar  of  the  donors  varied  from  0.OT  per  cent 
to  0.10  per  cent.     The  last  column  gives  the  lime  after  Ike  tramfuaion  when  Ike 

.    aamplea  of  blood  were  drawn. 


0.17 
0.12 
0.2i 


0.23 
0.20 
0.19 
0.17 


™.«™. 

.«r  train. 

0.15 

2ihre. 

0.L4 

1!  hrs. 

0.17 

2ihrB. 

0.12 

aihra. 

0.19 

5    hrs. 

0.30 

5    min. 

0.32 

2    hrs. 

0.26 
0.15 
0.17 
0.16 
0.17 
0.22 
0.20 
0.16 
0.19 
0.20 
0.12 
0.17 
0.2S 
0.25 
0.21 
0.15 
0.25 
0.21 
0.26 
0.23 
0.19 
0.19 


4)  hrs. 
51  hrs. 
li  hrs. 
4i  hrs. 
4ihra. 

21hra. 


Uhrs. 
31  hrs. 


*  Sandmeyer  type  of  diabetes  owing  to  trace  of  pancre&a  left  on  duodenum. 
i  In  this  experiment  the  donor  was  an  old  dog  with  adenomatous  cancer  of  the 
thyroid. 
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The  influence  of  the  transfusion  of  notTnal  blood  on  the  glycosuria 
of  pancreatic  diabetes 

The  results  of  our  16  experiments  on  9  dogs  are  summarized 
in  Table  II.  The  data  in  this  table  seem  to  warrant  the  follow- 
ing conclusions: 

1.  The  glycosuria  is  in  no  case  augmented  by  the  transfusion. 


The  infiuence  of  trangfitsion  of  normal  blood  on  the  glycosuria  of  pancreatic  diabelea 
in  dogg.  The  ti  hours  volume  of  urine  is  only  approximate,  aa  the  dogs  itere  not 
catheUrized. 


LHLOn '  tradsfUflioD 


ISO 

12.300 

17.34 

.48 

14.670 

19.65 

i.Of) 

2.390 

7.50 

..38 

6.810 

17.80 

,fiO 

3.780 

16.85 

',20 

5.300 

10.26 

l¥\ 

2.140 

10.10 

.fiO 

1.150 

3,95 

.42 

3.760 

10.62 

.96 

0.557 

3.74 

.98 

5.000 

17.53 

.37 

3.200 

10.00 

.80 

8.300 

28.90 

.42 

7.600 

16.60 

.00 

5.440 

6.68 

.57 

3.900 

13.10 

2.  The  transfusion  diminishes  the  glycosuria,  but  in  no  case 
is  the  urine  rendered  si^ar  free. 

3.  In  every  case  when  frequent  samples  of  urine  were  obtained 
after  the  transfusion  the  lowering  of  the  urine  sugar  lasted  only 
4-10  hours  after  the  transfusion,  that  is  to  say,  the  depression 
of  the  glycosuria  runs  parallel  with  the  lowering  of  the  hyper- 
glycemia. 

4.  In  most  cases  there  is  some  depression  of  the  polyuria  parallel 
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with  the  decreased  sugar  output,  but  the  effect  of  the  trans- 
fusion appears  most  strikingly  in  the  percentage  of  the  urine  si^^ar. 
5.  There  is  no  evidence  that  the  sugar  retained  by  the  dogs 
for  the  first  24-hour  period  following  the  transfusion  is  eliminated 
as  excess  sugar  during  the  subsequent  24  hours.  The  reader 
may  note  that  there  is  a  slight  indication  of  such  a  possibiUty  in 
experiment  1,  Dog  VIII,  but  in  some  of  the  other  experiments 
the  relations  are  exactly  reversed.  These  small  fluctuations  in 
either  direction  are  therefore  of  no  significance. 

The  influence  of  transfusion  of  diabetic  blood  on  ike  hyperglycemia 
of  ■pancreatic  diabetes 

The  reader  will  recall  that  according  to  Hedon  transfi^on  as 
such  produces  some  temporary  injury  to  the  kidneys  in  conse- 
quence of  which  the  output  of  sugar  in  the  urine  is  temporarily 
diminished.  Hedon  reports  the  same  results  from  transfusion 
of  diabetic  blood  as  from  transfusion  of  normal  blood.  With 
our  method  of  transfusion  we  have  been  unable  to  confirm  Hedon 
on  this  point.  Our  ten  experiments  on  six  dogs  are  summarized 
in  Table  III.  The  transfusion  (according  to  our  method)  of 
blood  from  a  dog  in  complete  pancreatic  diabetes  has  no  effect 
on  the  hypei^lycemia  of  the  latter.     This  fact  indicates  that  the 

TABLE  HI, 

TransfuBion  oj  blood  from  dogt  in  pancreaiic  diabetei  into  dog»  in  pancrealic  diaheltt. 
The  tran»fu»ion  does  not  influence  the  hyperglycemia  of  the  recipienl. 


iow* 

I' 

0.120 

0.120 

3 

II 

0.210 

0.210 

2 

0.260 

0.270 

2 

0.280 

0.280 

.    2 

III 

0.240 

0.235 

2 

0.237 

0.267 

2 

IV    • 

0.310 

0.308 

2 

0.270 

0.255 

2i 

V 

0.210 

0.220 

1 

VI 

0.300 

0.290 

3 

•  Dog  with  incomplete  diabetes  (Sandmeyer  type). 
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lowering  of  the  hyperglycemia  of  pancreatic  diabetes  by  the 
transfusion  of  normal  blood  is  not  due  to  depression  of  the  tissues 
in  general  and  hence  lowering  of  the  sugar  production. 

The  influence  of  transfusion  of  normal  blood  into  normal  dogs  on 
the  sugar  tolerance  of  the  recipient ' 

The  suggestion  of  Hedon  that  blood  transfusion  as  such  in- 
jures the  kidneys  in  such  a  way  as  to  temporarily  diminish  sugar 
excretion  is  so  important  for  the  interpretation  of  all  results 
obtained  by  transfusion  methods  that  it  should  be  tested  in  all 
possible  ways  before  it  is  finally  rejected,  or  accepted.  The 
following  tests  on  a  series  of  normal  animals  were  accordingly 
carried  out.  Seventeen  dogs  were  injected  intravenously  with 
1.5  gram  dextrose  (20  per  cent  solution)  per  kilo  body  weight  and 
the  quantity  of  sugar  excreted  during  the  following  24-hour 
period  determined.  Another  series  of  nineteen  dogs  were  trans- 
fused with  normal  blood  by  the  same  method  employed  in  our 
diabetic  dogs  before  receiving  corresponding  quantities  of  dex- 
trose intravenously.  If  this  blood  transfusion  injures  the  kid- 
neys in  such  a  way  as  to  temporarily  decrease  their  capacity  to 
excrete  sugar  we  would  expect  less  sugar  in  the  urine  of  these 
dogs,  as  a  normal  dog  is  capable  of  storing  and  burning  large 
quajitities  of  sugar.  Our  results  did  not  come  out  in  that  way. 
The  average  total  output  of  sugar  in  the  urine  was  0.96  gram  for  the 
control  group  and  1.S3  gram  for  the  transfused  group.  It  is  well 
known  that  there  is  considerable  individual  variations  in  the 
sugar  tolerance  in  dogs,  whether  tested  by  the  hypodermic,  the 
intramuscular,  or  the  intravenous  ■  methods,  and  both  of  our 
series  showedthese  individual  fluctuations.  We  therefore  deemed 
it  necessary  to  use  the  above  great  number  of  dogs  in  order  to 
neutralize  this  source  of  error  as  far  as  possible. 

In  normal  dogs  and  with  normal  blood,  our  method  of  trans- 
fusion does  not  impair  the  power  of  the  kidneys  to  excrete  sugar 
during  hyperglycemia.  So  far  as  the  transfusion  has  any  effect 
at  all  it  appears  to  increase  the  sugar  excretion.  But  the  final 
establishment  and  explanation  of  this  latter  point  requires  fur- 
ther investigation. 
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The  influence  0/  hlood  transfusion  on  normal  and  diabetic  dogs  on 
the  general  secretory  activity  of  the  kidneys 

It  Beemed  to  us,  that  if  blood  transfusion  as  such  injures  the 
kidneys  sufficiently  to  depress  their  power  to  excrete  sugar, 
such  injury  ought  to  appear  in  the  capacity  of  the  kidneys  to 
excrete  some  or  all  of  the  normal  constituents  of  the  urine.  The 
work  on  this  phase  of  the  general  question  was  done  in  our  labora- 
tory by  Mr.  I.  Rabens,  and  the  detailed  results  will  be  reported 
later.  In  normal  and  in  pancreatectomized  dogs  on  standard 
rations  of  lean  meat  and  fixed  quantities  of  water,  the  total  nitro- 
gen, urea,  ammonia,  amino  acids,  phosphorus,  chlorides  and 
(in  the  diabetic  dogs)  sugar  were  determined  for  24-hour  periods 
before  and  after  transfusion  with  normal  blood.  In  the  normal 
dogs  the  transfusion  had  no  effect  on  the  kidnQf  activity;  in 
the  diabetic  dogs  the  transfusion  diminished  only  one  of  the 
above  constituents,  namely  the  sugar. 

It  would  therefore  seem  Ihat  our  method  of  blood  transfusion 
has  no  demonstrable  injurious  action  on  the  kidneys  either  in 
normal  or  in  diabetic  dogs.  Hedon's  explanation  of  the  effect  of 
blood  transfusion  on  the  glycosuria  and  hyperglycemia  of  pan- 
creatic diabetes  ^  therefore  imtenable,  at  least  as  regards  our 
results. 

DISCUSSION   OF  THE   RESULTS 

The  transfusion  of  normal  blood  into  dogs  in  pancreatic  dia- 
betes causes  a  temporary  lowering  of  the  hypei^ycemia.  But 
before  this  can  be  taken  as  an  evidence  of  the  presence  in  normal 
blood  of  an  internal  secretion  from  the  pancreas,  it  must  be  shown 
that  this  temporary  lowering  of  the  hyperglycemia  is  due  to  stor- 
age and  oxidation  of  sugar  in  the  tissues.  Our  work  indicates 
that  sugar  retained  as  a  result  of  the  blood  transfusion  is  not 
subsequently  excreted.  If  this  is  the  case  what  can  happen  to 
this  sugar  except  oxidation  in  the  tissues?  In  the  first  place, 
a  temporary  lowering  of  the  rate  of  tissue  metabolism  might 
accoimt  for  the  temporary  fall  in  blood  sugar.  Or,  the  metab- 
olism rate  being  the  same,  some  of  the  sugar  may  disappear  by 
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way"  of  the  digestive  secretions'*  and  bacterial  oxidation  in  the 
digestive  tract.  However  improbable  these  possibilities  may- 
seem,  they  must  be  reckoned  with  in  the  absence  of  definite  proof 
tiiat  this  sugar  is  oxidized  by  the  diabetic  tissues. 


The  transfusion  of  normal  blood  into  dogs  in  complete 
pancreatic  diabetes,  by  the  method  outlined  above,  causes  a 
temporary  (4-8  hours)  lowering  of  the  hyperglycemia  and  the 
glycosuria. 

Similar  transfusions  of  diabetic  blood  into  diabetic  d(^  have 
no  effect  on  the  hyperglycemia. 

There  is  no  indication  in  our  results  that  the  sugar  retained  by 
the  animal  in  consequence  of  this  temporary  lowerii^  of  the 
sugar  excretion  by  the  kidneys  is  subsequently  eliminated  by  the 
kidneys  as  excess  sugar. 

The  blood  transfusion  as  such  does  not  impair  the  kidneys' 
activity  in  any  demonstrable  way,  either  in  diabetic  or  in  normal 
do^.  The  temporary  lowering  of  the  glycosuria  of  pancreatic 
diabetes  by  transfusion  of  normal  blood  is  due  to  the  diminished 
hyperglycemia,  not  to  kidney  injury. 

»•  C&rleon  tind  Ryan:  Am.  Jour,  of  Physiol.,  1B08,  xxi,  p.  301. 
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Hedon'  reports  that  transfusion  of  normai  as  well  as  diabetic 
blood  into  diabetic  dogs  leads  to  a  temporary  decrease  in  the 
glycosuria.  According  to  Hedon  the  foreign  blood  received  by 
the  diabetic  animal  is  in  some  way  injurious  to  the  kidney,  and 
the  lowered  glycosuria  following  a  transfusion  is  not  due  to 
introducing  blood  containing  the  internal  secretion  which  would 
temporarily  help  the  tissues  to  utilize  the  sugar  in  the  blood,  but 
to  a  decreased  permeability  of  the  kidney  to  sugars  through  the 
injurious  action  of  the  foreign  blood,  normal  or  diabetic. 

Carlson  and  Ginsburg'  found  a  lowered  glycemia  accompany- 
ing the  decreased  glycosuria  after  transfusion  of  normal  blood 
into  diabetic  dogs.  The  reduced  sugar,  content  of  the  urine 
could  thus  be  accounted  for  by  the  reduced  sugar  content  of  the 
blood  without  any  injurious  action  on  the  kidneys  as  claimed  by 
Hedon.  Moreover,  they  found  no  change  in  the  glycemia  or 
glycosuria  following  transfusions  with  diabetic  blood.  The  fact 
that  Hedon  obtained  a  reduction  in  the  glycosuria  after  trans- 
fusion with  diabetic  blood  they  believed  to  be  due  to  his  severe 
method  of  transfusion.  They  also  tested  the  sugar  tolerance 
of  normal  dogs  before  and  after  transfusion  with  normal  blood, 
and  found  no  increased  tolerance  after  transfusion  as  would  be 
expected  if  the  foreign  blood  produced  a  decreased  permeability 
of  the  kidneys  to  sugar. 

At  the  suggestion  of  Dr.  Carlson  the  following  work  was  under- 
taken as  an  additional  test  of  the  possible  injurious  action  of 

'  Hedon,  Arch,  interoat.  de  phyeiol.,  1913,  xiii,  p.  4,  p.  255. 
*  Carlson  and  Ginsburg,  This  Joumsl,  1915,  xxxvi,  p.  280. 


db,Google 


INFLUENCE   OF  BLOOD   TRANSFUSION   ON  KIDNEYS  295 

transfusion  on  the  kidneys  in  normal  and  in  diabetic  dogs.  It 
would  seem  that  if  blood  transfusion  had  any  direct  effect  on 
the  kidneys  this  should  be  disclosed  by  a  quantitative  determi- 
nation of  the  principal  urinary  constituents  eliminated  for  24- 
hour  periods  by  both  the  normal  and  diabetic  animal  before 
and  after  blood  transfusion. 

This  was  the  primary  object  of  the  work.  Indirectly  the  re- 
sults of  these  tests  may  also  throw  light  on  the  effects  on  the 
kidneys  of  blood  transfusion  in  man.  Transfusion  is  coming 
into  greater  vogue  chnically,  especially  in  the  spontaneous 
infantile  hemorrhages,  in  anemias,  in  shock,  where  at  least  a 
temporary  rise  of  blood  pressure  is  looked  for,  and  in  septicemias, 
where  an  increased  supply  of  antibodies  is  desired. 

EXPEMMENTAL  PROCEDURE 

The  dogs  were  kept  in  ordinary  metabolism  cages,  and  fed 
daily  on  a  definite  quantity  of  boiled  fresh  beef-heart  freed  from 
fat  as  completely  as  possible.  They  were  also  given  a  definite 
quantity  of  water,  once  daily,  and  generally  by  a  stomach  tube. 

The  transfusions  were  made  for  me  by  Dr.  Carlson  and  Mr. 
Ginsbui^  according  to  the  method  employed  by  them  in  the 
previous  work.  A  fairly  large  young  dog  was  selected  to  serve 
as  donor.  This  was  done  to  provide  against  the  possibihty  of  a 
spontaneous  nephritis  often  observed  in  old  dogs  in  this  region.* 
The  amount  of  blood  injected  was  calculated  to  approximate 
roughly  one-seventh  to  one-tenth  of  the  entire  blood  content  of 
the  recipient. 

The  quantitative  determinations  were  made  of  the  following 
urinary  constituents.  The  determinations  were  made  in  dupU- 
cate  to  guard  against  any  possible  error  in  technique. 

1.  Total  nitrogen  by  the  Kjeldahl  method  as  modified  by 
Gunning  and  Arnold. 

2.  Total  urea  by  the  Marsha!  urease  method  (modified  by 
F.  C.  Koch). 

3.  NHj  by  the  Folin  aeration  method  (modified  by  F.  C. 
Koch). 

*  Personal  coramuaication  from  Dr.  C.  £.  Kin^. 
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4.  Amino  acids  estipaation  by  the  Formol  Titration. 

5.  Total  phosphorus  by  the  Neumann-Pemberton  Method. 

6.  Total  chhridea  by  the  modified  Volhard  Method. 

7.  Reducing  sugars  by  the  Munson-Walker  and  Bertrand 
method. 

8.  Total  acidity  and  specific  gravity. 

In  the  diabetic  dogs  the  urine  augar  was  deteimined  on  every 
sample  of  urine  voided  the  first  24  hours  following  the  trans- 
fusion. The  estimation  of  the  other  constituents  were  made  on 
the  24-hour  sample.  In  the  calculations  both  the  total  and 
percentage  of  each  constituent  were  figured  out,  for  the  volume 
of  urine  varied  somewhat  from  day  to  day.  Eight  dogs  were 
used  in  this  work,  10  transfusions  being  made  on  normal,  and  5 
on  diabetic  animals. 


Our  results  fail  to  bring  out  any  evidence  of  injury  or  depression 
of  the  kidneys  by  Carlson's  method  of  transfusion,  as  will  be 
seen  by  examination  of  the  three  typical  sets  of  experiments 
summarized  in  Tables  I  to  III.  There  are  some  variations  in 
all  the  urine  constituents  from  day  to  day,  but  with  the  exception 


Normal  dog  No.  II.  Weight,  10  kgm.;  receiving  300  gramt  boiledbeef  heart  daily. 
Analyiii  of  the  urine  for  three  days  before  {control)  and  three  days  follomn{)  Irane- 
fusion  of  7S  cc.  of  blood  from  another  dog 


3»*„«.-T«,L»«0» 

I                   2 

s 

1               !        :        3 

Volume  of  urine,  co — 

Sh.ep.gr 

Acidity     {in     cc.     of 

ANaOHper  100  cc.) 

Total  nitrogen,  grams.. 

Mnino  acid  nitrogen, 

325.          300. 
1034.        1026. 

97.5          68.0 
10.000       7.560 

0.406'       0.353 
10.450      14.040 
0.371i       0.36& 
0.247        0.213 
0.800'       0.610 

326. 
1025. 

61.2 

7.190 

0.375 
10.350 
0.466 
0.345 
0.610 

350.          400.      1    290. 
1026.        1021.      1  1030. 

81.0          54.50  1      M.8 
8.800       8.230j       9.110 

0.37^       0.836J       0.461 
11.39^      U.Oeo!       7.680 
0.497        0.4431       0.507 
0.423        0.487,       0,494 
0.72^       0.680       0.740 

Urea,  grama 

Ammonia,  grams 

Chlorides,  grams 

PhoaphoniB,  grams. .  . . 
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Dog  VI.  Weight,  8  kgm.  Dog  in  eompieU  pancreatic  diabetes.  Analgait  of  urine 
for  14  houre  before  and  for  tuw  days  follmeing  Iraneftuion  of  iOO  ec.  blood  from  a 
normal  dog.    Dog  fed  tOO  grama  boiUd  beef  heart  daily 


Volume  of  uriDe '      360. 

Specific  gravity I    1044', 

Acidity  (inco.  of  0.1  NaOH  per  lOOec).  ...j       80. 

Total  nitrogen,  grama |         8.0 

Amino  acid  nitrogen,  grams 

Urea,  grams 

Ammonia,  grams 

Chloridea,  grams 

Phosphorus,  grama 

Sugar,  grams 


7.840 

6.000 

0.48O 

0.510 

5.820 

5.220 

0.560 

0.510 

0.02S 

0.011 

0.500 

0.480 

TABLE  HI 

Dog  V.  Weight,  9.7  kgm.  Dog  in  complele  pancreatic  diabetei.  AnalyHa  of  tht 
urine  for  ti  houri  before  and  for  two  dayt  foltowirig  Iransfueion  of  100  cc.  of  blood 
front  a  normal  dog.     Dog  given  100  gram*  boiled  beef  heart  daily 


Volume  of  urine 

Specific  gravity 

Acidity 

Total  nitrogen,  grama 

Amino  acid  nitrogen,  grams. 

Urea,  grftms 

Ammonia,  grams 

Chlorides,  grams 

PhoBphorus,  grams 

Sugar,  grams 


of'the  urine  sugar  in  the  case  of  the  diabetic  dogs,  these  daily- 
variations  are  not  definitely  related  to  the  transfusion.  There 
are  also  fluctuations  in  the  percentage  of  the  urine  sugar  in  the 
diabetic  dogs,  but  these  do  not  account  for  the  characteristic 
lowering  of  the  glycosuria  by  the  transfusion  (Table  IV).  In 
1  out  of  the  5  transfusion  experiments  in  the  diabetic  dogs,  there 
is  a  slight  diminution  in  practically  all  of  the  urine  constituents 
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for  the  first  24  hours  followhig  the  transfusion  (see  Table  III). 
The  other  four  groups  of  the  diabetic  dogs  are  practically  identi- 
cal with  the  one  given  in  Table  II.  It  is  therefore  clear  that  the 
temporary  decrease  in  the  glycosuria  following  these  trans- 
fusions cannot  be  accounted  for  by  kidney  injury.  So  far  as 
can  be  determined  by  examination  of  the  urine  this  transfusion 
has  no  effect  on  the  kidneys  or  on  the  general  level  of  the  body 
metabolism. 


Diabelic  dog  V..     Sugar  determinatio 
before  and  for  ti  hours  afler 


i  0/  «iicr^  sam-ple  of  wine  voided  Jot  H  hours 
ranitfusion  of  dog  VI  (see  T<Ale  II) 


2 

2,20 

3* 

1,48 

5i 

1.40 

91 

1.15 

2 

2.M 

21 

2.64 

ri 

10.52 

The  reader  will  note  the  very  low  output  of  total  chlorides 
in  diabetic  dogs.  This  was  a  uniform  result.  On  the  same  diet 
the  diabetic  dogs  eliminated  in  the  urine  only  about  one-seventh 
to  about  one-tenth  of  the  chlorides  found  in  the  uring  before 
pancreatectomy.  .Are  these  chlorides  eliminated  in  the  feces? 
Or,  are  they  retained  in  the  tissues?  These  dogs  showed  no 
evidence  of  edema,  and  Dr.  Carlson  informs  me  that  he  has  never 
observed  any  tendency  to  edema  in  pancreatic  diabetes  in  dogs. 
The  cause  of  this  lowered  output  of  urine  chlorides  in  pancreatic 
diabetes  is  being  further  investigated  in  this  laboratory. 

We  desire  to  express  our  hearty  gratitude  to  Drs.  A,  J.  Carlson 
and  P.  C  Koch  for  their  supervision  and  advice  while  this  work 
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From  Ihe  Laboratory  of  Physiology  in  the  Umveraily  tif  Pennsyhania 
Received  for  publication  December  15.  1914 

A  vast  amount  of  work  has  been  done  on  the  chorda  tympani 
nerve  in  regard  to  secretion  and  vasodilation,  but  no  accurate 
determination  of  the  threshold  stimulus  of  this  nerve  as  far  as 
I  am  aware  has  yet  been  made.  In  some  cases  the  investigators 
attempted  to  obtain  some  idea  of  how  strong  a  current  is  neces- 
sary to  produce  a  secretion  of  saliva  or  to  bring  about  dilation 
of  the  vessels  in  the  submaxillary  gland  supplied  by  this  nerve. 
They  employed  the  method  of  moving  the  secondary  coil  a  cer- 
tain distance  from  the  primary  coil  without  taking  into  consider- 
ation tissue  resistance.  Since  it  is  only  recently  that  a  reliable 
method  for  determining  the  strength  of  faradic  stimuli  has  been 
worked  out,  it  is  not  surprising  to  find  very  little  literature 
directly  pertaining  to  the  subject  here  involved. 

The  present  investigation  was  undertaken  {1}  to  determine 
what  is  the  weakest  stimulus  required  by  the  chorda  tympani 
(a)  to  produce  a  secretion  of  saliva,  (b)  to  produce  dilation  of 
the  vessels  supplied  by  this  nerve  and  (2)  to  determine  whether 
or  not  a  difference  exists  in  the  threshold  stimuli  necessary  to 
produce  these  phenomena. 

THE  METHOD 

Dogs,  anaesthetized  with  ether  and  quickly  decerebrated, 
were  employed  in  these  experiments.'  The  skin  was  cut  on  the 
median  line  of  the  neck  and  the  mylo-hyoid  muscle  cut  and  laid 

iGmber:  This  Journal,  1913,  xxxii,  p.  438. 
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back  exposing  the  chorda  tjanpani  nerve  and  the  submaxillary 
duct.  The  nerve  was  isolated  and  freed  from  as  much  fascia 
as  possible.  A  glass  electrode^  was  placed  on  the  nerve  so  that 
the  cathode  was  proximal  to  the  gland.  Stretching  and  unnec- 
essary handling  of  the  nerve  were  avoided. 

The  method  used  to  indicate  the  presence  of  sahvary  secretion 
was  very  simple.  A  cannula  was  inserted  in  Wharton's  duct. 
As  the  saliva  was  secreted  it  fell  in  drops  upon  a  lever  attached 
to  a  receiving  tambour,  which,  in  turn,  was  connected  to  a  re- 
cording tambour.  When  very  weak  currents — those  nearing 
the  threshold — were  used  direct  observation  of  the  saUva  ac- 
cumulating at  the  end  of  the  cannula  was  necessary. 

In  much  the  same  manner  vasodilation  was  recorded.  A 
cannula  was  placed  in  the  external  jugular  vein  after  all  the  veins 
contributing  to  it,  save  the  one  supplying  the  submaxillary  gland, 
had  been  tied  off.  The  rate  of  blood  flow  was  recorded  in  drops. 
Each  drop,  falling  on  a  lever  attached  to  an  electro-magnetic 
signal,  broke  the  circuit,  thus  causing  a  mark  to  be  made  on  the 
surface  of  the  drum  by  the  signal.  Later  tambours  were  used 
instead — a  receiving  and  a  recording  tambour — hke  those  used 
in  recording  salivary  secretion. 

The  threshold  stimulus  was  measured  by  means  of  the  Martin 
method  in  which  the  strength  of  stimulus  is  calculated  in  fi  units." 
The  position  of  the  secondary  coil,  in  every  case,  was  read  by 
moving  it  away  from  the  primary  coil  until  the  smallest  amoimt 
of  vasodilation  or  of  secretion  of  saliva  occurred.  Four  of  these 
readings  were  made,  one  with  tissue  resistance  and  the  others 
with  10,000,  20,000  and  30,000  ohms  resistance  in  the  secondary 
circuit.  Immediately  after  the  determination  of  the  position 
of  the  secondary  coil,  before  the  electrodes  were  disturbed  in 
any  way,  three  readings  of  tissue  resistance  were  made.* 

The  strength  of  the  primary  current  for  determining  the  thresh- 
old was  either  0.1  or  0.2  amperes.  The  rate  of  stimulation  was 
usually  five  per  second.     This  rate  was  chosen  because  it  was 

'  Sherrington:  Journal  of  Phyaiology,  1909,  xxxviii,  p.  382. 

■Martin:  Measurement  of  Induction  Shocks,  New  York,  1912,  pp.  60-69. 

*Martin:  Loc.  cil.,  pp.  71-93. 
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found  favorable  to  produce  dilation  of  the  vessels  supplying  the 
extremities,*  it  seemed  therefore  probable  that  it  might  prove 
favorable  in  the  production  of  dilation  of  the  vessels  supplied 
by  the  chorda  tympani.  Slower  and  more  rapid  rates  were  also 
employed.  The  inductorium  which  was  used  throughout  bad 
a  secondary  resistance  of  2400  ohms.  This  was  added  to  the 
average  tissue  resistance  in  making  corrections.  Corrections 
were  also  made  for  core  magnetization.  In  this  coil  the  value 
of  K  was  0.22.' 

Carlson  found  it  possible  upon  stimulating  tbe  cervical  sympa- 
thetic to  obtain,  iit  some  cats,  marked  dilation  of  the  vessels 
without  secretion  of  saliva.'  Such  was  not  the  case,  I  found, 
.  upon  stimulation  of  the  chorda  tympani.  In  the  experiments 
here  performed  the  strength  of  stimulus  necessary  to  produce 
secretion  also  produce  vasodilation  in  every  case  and  vice  versa. 
Table  1  shows  the  thresholds  thus  obtained.  The  Z  units  varied 
from  2.2  to  12.80  or  an  average  for  the  sixteen  experiments  of 
5.4  Z  units,  ff  units  were  calculated  each  time  and  these  varied 
from  1,6  to  7.58  or  an  average  for  the  sixteen  experiments  of 
3.14  fi  units  (sec  table  1). 

Tbe  results  here  obtained  are  interesting  in  that  they  agree 
closely  with  those  obtained  upon  stimulation  of  the  cervical 
sympathetic  in  cats.  Mendenhall  found  the  threshold  of  this 
nerve  for  constriction  of  the  vessels  of  the  nasal  membrane  to  be 
7.89  Z  units  and  4.58  0  units.'  Still  more  striking  is  the  simi- 
larity between  the  threshold  of  the  chorda  tympani  and  the 
threshold  of  the  cervical  sympathetic  when  the  averse  of  the 
thresholds  (pupil,  nictating  membrane,  and  nasal  vasoconstric- 
tors) of  the  latter  nerve  is  taken — 6.65  Z  units  and  3.86  ^  units. 
This  similarity  can  easily  be  understood  if  we  consider  the  fact 
that  a  gangUon  is  traversed  in  each  case.  Langley  has  shown  the 
presence  of  nerve  cells  within  the  hilus  of  the  submaxillary  gland 

'Bowditch  and  Warren;  Journal  of  Physiologj-,  1S86,  vii,  p.  416;  Bradford: 
ibid.,  ISSQ,  x,  p.  390. 

'  Martin:  Loc.  cil.,  p.  46. 

'Carlson;  This  Journal,  1907,  xix,  p.  409. 

■  Mcn<l(>iihalJ ;  This  Joimial,  1914,  xxxvi,  p.  fiO. 
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itself, '  which  cells  bear  the  same  relation  to  the  chorda  tympani 
as  does  the  superior  cervical  sympathetic  ganglion  to  the  cervical 
sympathetic  nerve. 

It  can  be  seen,  upon  comparison,  that  the  thresholds  of  the 
chorda  tympani  and  the  flexion  reflex  of  the  hind  leg  of  a  cat, 
are  markedly  similar.  Porter  found  5.2  Z  units  and  2.7  &  unite 
necessary  to  arouse  this  reflex.'"    In  my  experiments  on  the 

TABLE  I 

The  IhTeshold  slimufus  of  lite  chorda  tytn/Kini  nrrve  a«  shnwn  by  the  dilation  of  the 
vesiele  in  the  suhmoxiUary  gitind  and  by  the  gecretinn  0/  saliva 


zu™ 

jSuNrrs 

«».,«0,tfTOZ 

2.20 

1.60 

0.73 

3.65 

1.83 

0.50 

3.65 

1.60 

0,44 

3.65 

3.20 

o.go 

4.17 

2.06 

0-60 

4.17 

2.40 

0.68 

4.20 

2.40 

0.87 

4.3S 

1.74 

0.39 

4.50 

2.03 

043 

4. SO 

2.90 

0.03 

i.ast 

2-86 

(1  62 

4-50 

3-26 

0.71 

5.22 

2.20 

0.43 

6.37 

4.44 

0.70 

7.94 

2,96 

0.37 

11.90 

8,80 

0.74 

12.80 

7.58 

0-59 

Aversge..,.  5.45 

3.14 

0.58 

peroneus"  communis  nerve  and  the  tibialis  anticus  muscle  (nerve 
muscle  preparation)  I  found  that  the  threshold  stimulus  was 
1.2  ^  units."  Porter  found  the  threshold  for  a  simple  nerve 
muscle  to  be  1.4  0  units; 

For  thirty-one  experiments  Porter  obtained  a  ratio  of  g  to  Z 
of  0,57."    Mendenhall  found  the  ratio  for  his  twelve  experi- 

•Langley;  Journal  of  Physiology,' 1890,  xi,  p.  125. 
'"  Porter:  Thin  Jounial,  1912,  xxxi,  p.  148. 
"  Gruber;  Loc.  cit.,  p.  477, 
"  Porter:  Loc.  cit.,  p.  148. 
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menta  to  be  0.58."  In  these  sixteen  experiments  the  ratio  for 
the  average  ^  to  Z  is  0.58.  This,  however,  is  merely  a  coincidence 
because  if  any  experiment  is  omitted  from  the  series,  the  ratio  is 
changed.  For  example  if  the  last  is  omitted  then  the  ratio  is 
0.52  instead  of  0.58.  It  has  been  suj^ested  recently  that  this 
ratio  may  be  taken  as  a  quick  means  of  calculating  fi  units  for  a 
whole  series  of  experiments.  Upon  this  suggestion  I  reviewed 
my  experiments  upon  the  thresholi^  of  the  peroneus  commimis 
nerve  and  the  tibialis  anticus  muscle.    It  may  be  well  to  give  the 
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•Gruber:  This  Journal,  1913,  xmi,  p.  477;  iHd,  p.  448. 
t  Ibid,  1914,  xKJtiii,  p.  338. 
X  Ibid,  1914,  xxxiv,  p.  92. 

average  Z  units  and  the  average  /3  imits  of  those  experiments  in 
this  connection  (see  table  2). 

From  table  2  it  can  be  seen  that  a  wide  variation  exists  in  the 
ratios  of  /3  to  Z  in  the  several  series  of  experiments  performed. 
If  however,  we  take  the  ratio  of  the  average  (3  to  the  average 
Z  it  will  be  0.57.  But  if  an  averse  of  the  ratios  is  made  it  will 
be  0.66.  Moreover,  since  the  value  of  /3  depends  upon  the  tissue 
resistance  as  well  as  upon  the  Z  units  it  is  quite  important  that 
the  tissue  resistance  in  all  cases  be  the  same  if  j?  is  to  be  calculated 

"Mendenhall:  Loc.  cit.,  p.  60. 
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in  this  way.  lu  table  1  we  have  'three  examples  which  show 
variations  in  0's  calculated  from  like  Z's  with  different  tissue 
.  resistances,  e.g.,  two  Z  values  of  4.17  with  resultii^  fi  units  of  2.0 
and  2.4,  two  Z  values  of  3.65  with  ff  units  of  3.20  and  1.6,  and 
three  Z  units  of  4.59  with  fi  units  of  2.03,  3.26  and  2.0.  Porter 
shows  a  marked  difference  between  ratios  of  single  ^'s  and  their 
Z's.  Theee  range  from  0.23  to  0.92  with  an  average  ratio  of 
0.59  for  the  seventeen  e]q>eriments  on  the  flexion  reflex  and  from 
0.13  to  0.83  with  an  average  ratio  of  0.55  for  the  fourteen  experi- 
ments on  the  nerve  muscle."  From  these  results  it  is  quite 
evident  that  the  Martin  formula  or  the  formula  established  by 
Wilbur  must  be  employed  to  calctdate  the  ff  units  accurately 
even  for  a  lor^  series  of  experiments." 

A  few  experiments  were  performed  by  employing  different 
rates  of  stimulation.  The  threshold  stimulus  remained  the  same 
when  the  rate  was  from  3  to  15  per  second.  As  the  rate  was 
decreased  below  3  per  second  the  threshold  increased.  It  was 
possible  to  bring  about  a  secretion  by  a  ^gle  make  or  break 
shock  but  the  strength  of  ciurent  necessary  was  greatly  in  ex- 
cess of  the  threshold  stimulus. 


1.  The  threshold  stimulus  for  dilation  of  the  vessels  in  the 
submaxillary  gland  and  the  secretion  of  saUva  of  this  gland  are 
the  same. 

2.  The  rate  of  stimulation  within  certain  limits  (3  to  15  per 
second)  does  not  influence  the  thresholds  of  vasodilation  and 
salivary  secretion.  For  lower  rates  an  increase  in  the  threshold 
stimulus  is  necessary  to  bring  about  these  changes. 

3.  The  average  threshold  stimulus  of  the  chorda  tympani  was 
found  to  be  5.4  Z  units  and  3.14  /5  units.  This  threshold  is  practi- 
cafly  the  same  as  that  found  by  Mendenhall  for  the  cervical 
sympathetic  nerve. 

4.  A  fixed  ratio  of  ^  to  Z  cannot  be.  used  to  determine  accur- 
ately the  |8  units  of  a  series  of  experiments  of  any  length. 

V  Porter;  Loc.  cil.,  p.  148. 

"Martin:  Lot.  eil.,  p.  60;  Martin  Bigelow  and  Wilbur:  ThiB  Jaumal,  1914, 
xxjtiii,  p.  416. 
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It  is  an  old  observatioa  that  progressive  bleedii^  decreases 
the  coagulation  time  of  the  blood.  Gray  and  Lunt'  have  sum- 
marized the  literature  on  this  subject.  We  wiU,  however,  re- 
view briefly  the  chief  explanations  which  have  been  offered  for 
this  decrease  in  coagulation  time. 

Hewson'.in  1780  attributed  the  increased  coagulability  to 
a  probable  change  in  "that  state  of  the  blood  vessels  on  which 
the  thinness  and  lessened  tendency  of  the  lymph  to  coagulate 
depends;  which  surely  is  a  very  curious  circumstance."  Nasse* 
in  1842  and  Briicke*  in  1857  confirmed  the  observation  as  to  the 
increased  coagulability  but  showed  at  the  same  time  a  decrease 
in  the  fibrin  content  of  the  blood.  This  fact  led  them  to  con- 
clude that  the  fibrin  content  and  the  rate  of  coagulation  of  the 
blood  do  not  necessarily  run  parallel.  Milian*  in  1901  making 
his  observations  on  hemorrhage  following  capillary  pimcture, 
thought  that  the  increased  coagulability  was  due  to  a  local 
accumulation  of  a  coagulating  substance,  stored  in  the- skin  and 

'  Gray,  H.  and  Lunt„L.  K.:  American  Journal  of  Physiology,  1914,  xxxiv,  332. 

''  Hewson,  W, ;  EKperimental  Inquiries  into  the  Properties  of  the  Blood,  1780, 
Part  I,  Experiment  XX,  55. 

■Naase,  H,:  HandwOrterbuch  der  Pbysiologie  (W^ner),  1842,  I,  75. 

•Briicke,  E.;  Archiv  (Or  Patholt^iache  Anatomie  und  Phyaiologie  und  filr 
Kliniaohe  Mediiin  (Virchow),  1857,  xii,  81, 172. 

'  Milian,  G. :  Mfmoires  de  la  Soci^tg  de  Biologie,  1901,  liii,  556,  576, 
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in  the  tissues  and  released  when  they  were  wounded.  Arloir^ 
in  the  same  year,  experimenting  with  venous  hemorrhage  and 
finding  the  same  shortening  of  coagulation  time,  opposed  Milian's 
view  of  a  local  secretion  of  coagulating  substance  by  the  cells 
of  the  skin  and  tissues  but  suggested  the  possibihty  of  an  in- 
crease in  fibrin  ferment,  resulting  from  an  alteration  in  the  blood 
when  it  came  in  contact  with  the  lumiha  of  the  tubes  which 
carried  it  from  the  veins  to  the  receiving  flasks.  Arthus'  in 
1902  suggested  that  the  acceleration  of  the  coagulation  time  might 
be  due,  not  to  a  quantitative  increase  in  the  amount  of  fibrin 
ferment  in  the  blood  after  hemorrhage,  but  to  an  acceleration 
of  its  production.  Hartman'  in  1909  was  unable  to  choose 
between  diminished  oxygen,  augmented  carbon  dioxide,  aug- 
mented fibrin  ferment,  and  augmented  flow  of  tissue  thrombo- 
kinase.  Von  den  Velden'  in  the  same  year  explained  the  de- 
creased coagulation  time  as  the  result  of  an  augmented  thrombo- 
kinase  which  reached  the  blood  stream  through  an  influx  of  tissue 
juice,  and  confirmed  the  observation  of  Nasse  and  Brticke  that 
an  immediate  decrease  in  the  fibrin  content  of  the  blood  accom- 
panies the  decrease  in  coagulation  time. 

In  order  to  throw  further  light  on  this  interesting  problem 
and  to  determine  whether  or  not  a  quantitative  alteration  in 
the  different  factors  of  coagulation  corresponding  to  a  change 
in  coagulation  time  might  be  observed,  we  undertook  the  series 
of  experiments  which  are  reported  in  this  paper.  In  each  experi- 
ment determinations  of  the  coagulation  times  and  analyses  of 
the  factors  of  coagulation  were  made  before  and  after  successive 
hemorrhages. 

I.   METHODS   OF  WORK 

The  technique  of  obtaining  and  examining  the  specimens  of 
blood  and  of  determining  the  coagulation  times  was  as  follows. 
The  test  animal  was  first  anaesthetized  with  urethane  (2  grams 

'  Arloing,  F. :  M^moires  de  la  Soci^tj  de  Biologie,  1901,  liii,  675. 
I  Arthus,  M.:  Journal  de  PhysioloEie  et  de  Fathologie  G6n6rale,  1902,  iv,  273. 
*Hartmaa,  J.:  MUnchencr  Medizinische  Wochenschrift,  1909,  Ivi,  796. 
'  Von  den  Velden,  R.;  Arohiv  ftir  Kxperimentelle  Pathologie  and  Fharmakol- 
ogie,  1909,  Ixi,  37. 


dbyGoogIc 


EFFECT    OF    HEMORRHAGE    ON    COAGULATION    OF    BLOOD      307 

per  kilo).  The  femoral  or  in  some  cases  the  carotid  artery  was 
next  exposed,  ligated  distally  and  clamped  proadmally.  A  glass 
cannula  washed  with  oxalate  solution  was  then  slipped  into  an 
obUque  cut  in  the  artery  but  not  tied,  the  clamp  was  released, 
and  the  blood  allowed  to  flow  from  the  cannula.  Blood  ob- 
tmned  in  this  way  suppUed  the  specimens  to  be  analyzed  for  the 
factors  of  coagulation  and  the  specimens  upon  which  coagulation 
time  was  determined.  The  specimens  to  be  analyzed  for  the 
factors  of  coagulation  were  collected  in  glass  graduates  con- 
taining 1  per  cent  sodium  ox^ate  in  a  0.9  per  cent  sodium  chloride 
solution  in  the  proportion  of  1  cc.  of  oxalate  solution  to  8  cc.  of 
blood.  A  few  drops  of  blood  were  first  allowed  to  drop  into  a 
graduate  containing  the  oxalate;  the  specimens  upon  which  the 
coagulation  time  was  determined  were  next  collected  in  two  test 
tubes  (diameter  10  mm.),  each  graduated  to  hold  1  cc.;  after 
which  procedure  the  collection  of  the  specimen  to  be  analyzed 
was  completed.  The  purpose  of  this  order  of  work  was  to  obtain 
for  the  determination  of  coagulation  time  a  specimen  of  blood 
which  had  not  stood  in  contact  with  the  injured  vessel  wall  and 
yet  one  which  represented  the  condition  of  affairs  in  the  body 
before  the  bulk  of  the  hemorrhage  occurred.  The  amount  of 
the  hemorrhage  varied  in  different  animals  depending  on  their 
size.  At  the  end  of  the  bleeding  the  vessel  was  clamped  proxi- 
mally  and  the  cannula  removed. 

As  soon  as  the  blood  for  determining  coagulation  time  was 
collected,  the  tubes  were  placed  in  a  water  bath  and  kept  at 
37°~38°C.  until  they  could  be  inverted  without  dislodging  the 
clots.  Observations  were  made  by  gently  tilting  the  tubes  at  the 
end  of  five  minutes  and  then  at  the  end  of  every  minute.  Each 
coagulation  time  was  taken  with  a  stop-watch  which  was  started 
as  soon  as  the  blood  began  flowing  into  the  tube. 

At  an  interval^ — usually  of  twenty  minutes— the  procedure 
described  above  was  repeated,  Mid  a  second  determination  of 
copulation  time  (represented  by  the  average  of  the  two  tubes) 
was  made,  and  a  corresponding  oxalated  specimen  obtained  to 
be  analysed  for  the  factors  of  coagulation.  A  fresh  cannula 
or  the  old  cannula  freshly  washed  was  used.    This  process  of 
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bleeding  at  intervals  of  about  twenty  minutes  was  continued  until 
the  animal  died.  The  later  hemorrhages  were  of  course  smaller 
than  the  earlier  ones,  but  varied  in  amount  in  different  experiments. 

After  the  death  of  the  animal  the  specimens  of  oxalated  blood 
were  centrifugahzed  for  10  minutes  at  high-speed,  and  the  plasma 
pipetted  off.  A  portion  of  the  plasma  from  each  specimen  was 
used  to  make  prothrombin  determinations;  a  portion  was  used  to 
make  antithrombin  determinations;  and  a  third  portion  (10  cc. 
if  possible)  was  used  to  msAieJUninogen  determinations.  In  6ve 
experiments  platelet  counts'"  were  made  before  each  hemorrhage. 

The  methods  of  making  prothrombin  and  antithrombin  de- 
terminations were  those  described  by  Howell"  and  reviewed 
by  Drinker  and  Hurwitz  in  an  article  not  yet  published.  The 
fibrinogen  determinations  were  made  by  the  heat  coagulation 
method. 

II.   BXPBRIMBNTAL  DATA 

Nine  experiments  were  done  on  cats  and  eight  on  rabbits.  In 
every  experiment  in  which  the  copulation  time  as  a  whole 
decreased  there  was  a  decrease  in  the  amount  of  antithrombin. 
In  all  but  two  cases  there  was  a  steady  faU  in  the  fibrinogen 
content.  The  behavior  of  the  prothrombin  was  irregular,  on 
the  whole  tending  first  to  increase  slightly  in  amount  and  then 
to  decrease.  This  irregularity  in  the  prothrombin  reaction 
depends  to  a  certain  extent  upon  the  variations  in  antithrombin. 
With  a  fall  in  antithrombin  one  would  expect  a  relative  increase 
in  prothrombin,  though  the  absolute  amotmt  of  the  substance 
remained  constant.  In  view  of  this  fact  the  slight  relative  fall 
in  prothrombin  occurring  in  a  number  of  our  experiments  in  as- 
sociation with  a  fall  in  antithrombin,  indicates  a  still  greater 
absolute  fall  in  the  amount  of  prothrombin  in  the  blood. 

The  following  protocol  illustrates  the  method  by  which  our 
results  were  obtained.  In  this  case  the  amotmt  of  prothrombin 
increased  slightly  while  the  amounts  of  antithrombin  and  fibrin- 
ogen decreased. 

>°  Wright,  J.  U.  and  Kiunicutt,  R.:  Journal  of  the  Americ&n  Medic&l  AsHooia- 
tion,  1911,  Ivi,  14fi7. 

"  Howell,  W.  H.:  Archives  of  Internal  Medicine,  1D14,  xiii,  76. 
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PROTOCOL— EXPEHIMENT  IV 


Date,  August  22,  1914. 
Weight  cat,  2  kilos.    Uretbaoe  anaesthesia. 
Anaesthesia  begun,  11.40  a.m. 
Operation  begun,  12.03  pjn. 

First  Bleeding 
Time,  12.11  p.m. 
Amount,  23.5  cc. 
Coagulation  time  (1)  14  minutes,  11  seconds. 

(2)  13  minutes,  49  seconds. 
Average,  14  minutes. 

.  Second  Bleeding 
Time,  12.30  p.m. 
Amount,  18  cc. 
Coagulation  time  (1)  12  minutes,  12)  seconds. 

(2)  14  minutes. 
Average  13  minutes,  6}  seconds. 

Third  Bleeding 
Time,  12.50  p.m. 
Amount,  18  cc. 
Coagulation  time  (1)  12  minutes,  7  seconds. 

(2)  12  minutes,  23  seconds. 
Average  12  minutes,  15  seconds. 
Death  at  12.52  pan. 
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Average,       4 .62 


In  making  antithrombin  determinations  the  selection  of  a 
definite  end-point  is  somewhat  difficult.  The  antithrombin 
delays  or  even  prevents  the  formation  of  a  solid  clot.  In  our 
opinion  the  first  definite  appearance  of  coagulum  in  the  clear 
solutions  used  is  the  safest  end-point  to  employ,  and  we  have 
used  it  throughout  our  determinations.  In  all  of  oxu"  ejq>eriments 
the  average  of  the  four  antithrombin  observations  on  each  speci- 
men has  been  used  to  represent  the  antithrombin  factor  in  that 
specimen. 

PBOTBROMBIN    I 


Tube  containing  optimum  amount  of  CaCli  =  4)  minutes. 


Tube  eontMning  optimum  amount  of  CaCli  =  3  minutes. 
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OHJ(UUP[gnRS 


Specimen  3 

0J%  CaClt 


Tube  contaming  optimum  amount  of  CaClj  =  2i  minutes. 


The  end-point  in  each  prothronibin  reaction  is  reached  at  the 
moment  when  the  tube  can  be  inverted  without  dislodging  the 
c!ot.  Great  care  must  be  taken  not  to  jar  the  tubes  while  the 
clots  are  forming.  In  all  of  our  experiments  the  prothrombin 
factor  in  each  specimen  is  represented  by  the  lowest  figure  in 
the  series — i.e.,  the  time  required  for  clotting  in  the  tube  con- 
taining the  optimum  amount  of  calcium. 
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Fig.  1.     Experiment  IV. 
FIBRINOGEN  DETERMINATION 

Specimen  1 :  0.2137  gram  in  100  cc.  plasma. 
Specimen  2:  0.1822  gram  in  100  cc.  plasma. 
Specimen  3:  0.1350  gram  in  100  cc.  plasma. 
Figure  1  (E^.  IV)  represents  the  results  of  this  experiment 
plotted  graphically. 
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Fig.  2.    Experimeot  IX. 

Figure  2  (Exp.  IX)  represents  the  results  of  an  experiment  in 
which  there  was  very  little  variation  in  the  coagulation  time,  and 
a  correspondingly  small  variation  in  the  amount  of  antithrombin. 
The  amount  of  fibrinogen  increased  slightly  and  then  fell  slightly, 
this  e^)eriment  constituting  one  of  the  two  exceptions  to  our 
observation  of  a  steady  fall  in  the  amounts  of  fibrinogen.  The 
amount  of  prothrombin  rose  sUghtly  and  then  fell  slightly,  which 
in  our  experience  was  the  most  characteristic  prothrombin 
behavior. 
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Fig.  3.    Compoaite  Curve,  Cat. 
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Figure  3  is  a  composite  curve  embodying  the  coagulation  times 
and  the  antithrombin  and  prothrombin  determinations  in  our 
nine  experiments  on  cats.  The  points  to  be  noted  are:  (a)  the 
fall  in  the  amount  of  antithrombin  corresponding  to  the  decrease 
in  coagulation  time;  and  (b)  a  slight  increase  and  then  a  slight 
fall  in  prothrombin.  The  final  increase  shown  in  the  curve 
represents  a  single  determination  and  is  therefore  unimportant. 
The  fibrinogen  determinations  on  cats  are  shown  in  Table  2, 
which  contains  a  summary  of  the  results  of  our  entire  series  of 
experiments. 

Discovering  that  at  room  temperature  during  a  short  period 
of  contact  with  thrombin  solution,  the  antithrombin  in  rabbits 
acts  much  more  potently  than  does  the  antithrombin  in  cats, 
we  determined  to  xise  the  rabbit  as  a  test  animal. 

The  followii^  protocol  represents  a  typical  rabbit  experiment. 

PROTOCOli — EXFBBIHENT  XV 

Date,  October  9,  1914. 

Weight  rabbit,  2.6  kilos.    Urethane  anaesthesia. 

Anaesthesia  begun,  10.35  a.m. 

First  BUedivg 
Time,  11.22  a.m. 
Amount,  13  cc. 
Coagulation  time  (1)  18  minutes,  54  seconds. 

(2)  18  minutes,  10  seconds. 
Average  18  minutes,  32  seconds. 

Second  Bleeding 
Time,  11.22ia.m. 
Amount,  13  cc. 
Coagulation  time  (1)  IS  minutes,  20  seconds. 

(2)  18  minutes,  5  seconds. 
Average  18  minutes,  12)  seconds. 

Third  Bleeding 
Time,  11.47  &.m. 
Amount,  12  cc. 
Coagulation  time  (1)  15  minutes,  58  seconds. 

(2)  15  minutes,  52  seconds. 
Average  15  minutes,  55  seconds. 
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Fourth  Bleeding 
Time,  11.47§  a.m. 
Amount,  12.5  cc. 

Coagulation  time  (1)  14  minutes,  45  eeconda. 
(2)  16  minutes,  22  seconds. 
Average  16  minutes,  33J  seconds. 
Death  at  11.55  a.m. 


ANTITBBOMBIN   DBTBaMINATION 

specimen  1 

Timtlr-UrKl 
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16 
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15 
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15 
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47J 
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16 
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41i 

Average,        54.18 


Averse,        41 .81 
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PROTBROMBIN  DETBBUINATION 

Specimen  1 

OmltUd  PfuiH  0J%  CtCb  Coafidaliim 


Tube  containing  optimum  amount  of  CaCli  ••  0}  minutes. 


Tube  containing  optimum  amount  of  CaClj  ~  6  minutes. 


Tube  containing  optimum  amount  of  CaCli  =  8]  minutes. 


91 

111 


91 
lOi 
lOi 


Tube  containii^  optimum  amount  of  CaCli  =  91  minutes. 
FIBRINOGEN  DETERMINATIONS 

Specimens  1  and  2  (mixed) :  0.3240  gram  in  100  ce.  plasma. 

Specimens  3  and  4  (mixed) :  0.2475  gram  in  100  cc.  plasma. 

Figure  4  (Exp.  XVI)  shows  a  marked  decrease  in  coagulation 
time;  a  marked  fall  in  antithrombin;  a  fall  in  fibrinogen;  first 
a  decrease  and  then  a  final  increase  in  prothrombin. 

Figure  5  (Exp.  X)  shows  a  decrease  in  prothrombin  after  two 
bleedings  and  then  a  slight  increase.    The  fibrinogen  has  in- 
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creased  slightly  (0.0168  gram)  instead  of  falling.    The  coagula- 
tion time  and  the  autithrombin  have  both  decreased  steadily. 

Figure  6  is  a  copiposite  figure  embodying  the  coagulation 
times  and  the  antithrombin  and  prothrombin  determinations  in 


I    I    I    I    I    I    I 


I"-  \ 


"I  I  I  I  n  I' 


::l 


Fig.  4.    Experiment  XVT.    Minutes  1  to  16  in  tlie  right  hand  column,  being 
unneceeaary  in  the  figure,  are  omitted  in  order  to  save  space. 

our  eight  experiments  on  rabbits.  It  shows  the  same  features 
which  we  have  demonstrated  in  the  composite  curve  of  our 
experiments  on  cats:  (a)  a  steady  fall  in  antithrombin  corre- 
sponding to  a  decrease  in  coagulation  time;  and  (b)  a  slight 
increase,  then  a  slight  fall  in  the  amount  of  prothrombin,  and  a 
final  return  to  practically  the  original  amount  (two  observations). 
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Our  fibrinogen  determinations  on  rabbits  are  shown  in  Table  2. 
The  individual  determinations  vary  less  than  those  made  upon 
cats  but,  with  one  exception,  they  show  the  same  downward 
trend. . 

Thinking  that  possibly  a  marked  change  in  the  number  of 
platelets  after  severe  hemorrhage  might  be  a  factor  to  be  con- 


HlDuMa:  Iiit«m>1  bstwera  BtaediDfi 

Fig.  5.    Experiment  X,    Minutes  1  to  10  and  17  to  28  in  the  right  hand  column, 


being  unnecessary  in  the  figure,  are  omitted  in  order  to  s. 


sidered,  we  made  platelet  counts  in  five  experiments  before  the 
first  hemorrhage  and  then  after  each  bleeding,  but  found  practi- 
cally no  change  in  their  number. 

A  comparison  of  the  average  results  of  our  experiments  on 
cats  and  those  on  rabbits  is  of  interest.  The  behavior  of  the 
prothrombin  in  the  two  series  of  experiments  was  in  general  the 
slight  initial  increase  and  then  a  slight  decrease  in 
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amount.  In  both  series  there  was  a  steady  fall  in  fibrinogen; 
in  the  cats  an  average  decrease  of  0.0762  gram  per  100  cc.  of 
plasma  -after  three  bleedings:  in  the  rabbits  an  average  decrease 
of  0.0770  gram  after  three  bleedings  and  0.0811  gram  after  four 
bleedings.    The  following  table  gives  a  comparison  of  the  per- 


IliDuUe;  Interval  bctvmi  Blenliiici 

Fig.  6.    Composite  Curve,  Rabbit.    Minutes  I  to  10  and  17  to  26  in  the  right 
hand  cotuTnn,  being  unnecessary  in  the  figure,  are  omitted  in  order  to  save  space. 

centages  of  the  average  decrease  in  coagulation  times  and  in  the 
amounts  of  antithrombin  following  each  hemorrhage  in  the  two 
series  of  experiments. 
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TABLE  I 


c. 

^.rr 

ss 

isrs 

's=-T 

U.l 
15.4 
26.0 
27.0 
37.4 

PET  cent 
15.1 

30.(1 

26.4     . 

34.6 

No  speoimen 

obtained 

5.4 
17.8 
24.8 
31.6 
32.2 

23.6 

30.8 

Table  2  gives  a  summary  of  the  results  obtained  in  our  entire 
series  of  experiments. 

DISCUSSION  AND   CONCLUSIONS 

CooffulatUm  Time.  Our  experiments,  in  accord  with  the 
observations  of  other  investigators,  show  that  rapid  progressive 
hemorrhage  causes  a  decrease  in  coagulation  time.  An  occasional 
animal  proves  an  exception  to  this  rule,  and  shows  practically 
no  change  in  its  rate  of  clotting  no  matter  how  severe  the  hemor- 
rhage (e.g.,  Exps.  II  and  XI  in  Table  2),  but  the  majority  of  the 
animals  show  a  gradual  steady  fall  in  the  rate  of  coagulation  as 
the  hemorrhage  proceeds. 

AntithTombin.  In  our  aeries  of  experiments,  the  decrease  in 
coagulation  time  is  accompanied  by  a  decrease  in  the  amount- 
of  antithrombin.  Whether  or  not  this  change  is  the  result  of  a 
simple  dilution  of  the  blood  by  an  influx  of  Suid  from  the  tissues, 
or  whether  it  is  due  to  a  decrease  in  the  amount  of  antithrombin 
formed,  we  are  unable  to  say.  In  either  case  the  fact  of  diminu- 
tion remains.  Gray  and  Limt"  have  shown  that  there  is  no 
decrease  in  coagulation  time  after  hemorrhage  in  an  anterior 
animat  (i.e.  an  anifosl  in  which  the  aorta  and  vena  cava  are  li- 
gated  j  ust  above  the  diaphragm) .  This  observation  may  be  easily 
reconciled  with  our  experiments.     If  the  decrease  in  antithrombin 

"Gray  and  Lunt:  Loo,  Cit.  (1). 
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which  we  have  observed  is  due  to  a  decrease  in  the  amount  formed, 
we  may  assume  that  antithrombin  is  formed  in  one  of  the  ab- 
dominal organs.  In  support  of  such  an  assumption  there  is 
considerable  evidence  to  show  that  the  liver  is  very  active  in 
antithrombin  production. 

If  the  decrease  In  antithrombin  is  a  matter  of  dilution,  we 
know  that  the  major  portion  of  the  fluid  entering  the  blood  after 
hemorrhage  comes  from  the  abdominal  region.  This  fluid  which 
enters  the  blood  after  hemorrhage  is,  in  our  opinion,  lymph,  not 
tissue  juice.  If  it  could  be  shown  that  tissue  juice — the  fluid 
obtained  from  wounded  tissues — entered  the  blood  after  hemor- 
rhage, we  could  readily  explain  our  diminished  amount  of  anti- 
thrombin by  assuming  that  a  large  portion  of  it  was  neutralized 
or  fixed  by  the  thromboplastin  in  the  tissue  juice.  In  this  way 
the  amount  of  free  antithrombin  in  the  blood  would  be  dimin- 
ished, and  our  tests  for  it  would  show  this  reduction.  But 
lymph,  on  the  contrary,  is  not  rich  in  thromboplastin.  Howell'* 
has  shown  very  recently  that  lymph  contains  prothrombin  and 
antithrombin  in  the  same  concentration  as  blood  plasma,  but 
much  less  thromboplastin.  There  is,  therefore,  a  relative  ex- 
cess of  antithrombin  in  lymph  which  explains  its  lon^  coagu- 
lation time.  Addition  of  thromboplastic  material  (tissue  extract 
or  kephalin  solutions)  causes  lymph  to  clot  promptly  and  firmly. 
In  \iew  of  these  facts  it  would  seem  that  an  influx  of  lymph 
into  the  blood  after  hemorrhage  would  bring  with  it  a  relative 
excess  of  antithrombin,  which  would  increase  the  coagulation 
time  of  the  blood  instead  of  decreasing  it.  It  is  perhaps  more 
reasonable  to  suppose  that  the  decrease  in  antithrombin  which 
we  have  demonstrated  is  the  result  of  diminished  antithrombin 
production. 

Prothrombin.  The  behavior  of  the  prothrombin  in  our  experi- 
ments varied  in  different  animals :  occasionally  it  increased 
steadily  in  amount,  occasionally  it  decreased  steadily,  but  in 
the  majority  of  cases  it  first  increased  slightly  and  then  de- 
creased slightly.     The  only  conclusion  in  regard  to  the  prothrom- 

"Hoivell,  W,  H.;  American  Journal  of  Physiology,  1914,  xxsv,  483. 


dbyGoogIc 


322  K.   R.   DRINKER  AND   C.   K.   DRINKER 

bin  which  we  feel  warranted  In  making  is  that  the  prothrombin 
changes  in  our  series  of  experiments  do  not  ofFa-  any  explanation 
for  the  decrease  in  coagulation  time  which  occurred. 

Fibrinogen.  The  fibrinogen  in  oiu"  experiments,  as  estimated 
by  the  heat  coagulation  method,  gave  marked  variations  as  to 
the  amount  present  in  different  animals,  a  fact  in  accord  with 
Whipple's  observations,"  but  remarkably  uniform  results  as  to 
the  effect  of  hemorrhage  on  the  fibrinogen  content  of  the  blood 
of  individual  animals. 

As  time  has  passed  we  have  felt  more  and  more  certain  that 
this  method  of  estimating  fibrinogen  is  open  to  question.  In 
Table  2,  it  may  be  noted  that  while  one  cat  shows  a  normal 
content  of  0.0676  gram  of  fibrinogen  per  100  cc.  of  plasma, 
another  cat  shows  a  normal  content  of  0.5342  gram.  These 
figures  give  the  maximal  variation,  0.4667  gram,  which  we  found 
between  two  different  animals.  Whipple's  maximal  variation 
in  dogs  was  0.6686  gram  per  100  cc.  of  plasma,  but  he  never 
obtained  in  normal  animals  the  very  low  figures  of  0.0675  gram 
and  0.0843  gram  which  we  encountered  twice  in  this  series  of 
experiments,  and  which  we  have  found  a  number  of  times  in 
some  experiments  on  rabbits  not  yet  reported.  None  of  these 
animals  possessing  an  apparently  very  low  fibrinogen  content 
showed  any  bleeding  tendencies  but  seemed  normal  and  healthy 
in  every  way.  We  have  taken  every  precaution  to  assure  our- 
selves that  there  has  been  no  technical  error  in  the  application 
of  the  method,  and  we  are  convinced  that  there  is  enough  vari- 
ation in  the  reactivity  of  fibrinogen  to  heat  to  render  the  heat 
coagulation  method  of  determining  this  substance  of  somewhat 
questionable  accuracy. 

Otu*  data  in  regard  to  fibrinogen  is  as  follows.  With  the 
exception  of  two  cases  (Exps.  IX  and  X)  all  of  our  determinations 
showed  a  steady  decrease  in  the  amount  of  fibrinogen  following 
each  hemorrhf^e.  The  average  fall  from  the  normal  in  all 
cases  of  specimens  obtained  at  the  third  bleeding  was  0.0766 
gram  per  100  cc.  plasma. 

"  Whipple,  G.  H.:  American  Journal  of  Physiology,  1914,  xxxiii,  50. 
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Dreyer"  has  shown  that  the  fibiinogen  content  of  the  blood 
increases  after  hemorrhage  provided  the  interval  between  bleed- 
ings is  a  period  of  twenty-foxir  hours.  It  is  possible  that  in  our 
experiments  the  apparent  reducing  effect  of  rapid  progressive 
hemorrhage  upon  the  fibrinogen  content  of  the  blood,  is  in  real- 
ity a  false  one.  It  may  be  that  instead  of  an  actual  fall  in  the 
amount  of  the  fibrinogen,  there  occurs  some  alteration  in  the 
fibrinogen  itself  which  diminishes  its  responsiveness  to  the  heat 
coagulation  test.  On  the  other  hand  we  must  rememberthat 
Nasse,  BrUcke,  and  von  den  Velden  have  all  reported  an  im- 
mediate diminution  in  the  fibrin  content  of  the  blood  following 
severe  hemorrhage,  and  at  the  same  time  an  increase  in  the  speed 
of  coagulation. 

There  remains  to  be  considered  the  question  as  to  whether  or 
not  the  results  which  we  have  obtained  in  our  analyses  of  the 
factors  of  coagulation  after  hemorrhage  are  sufficient  to  explain 
the  decrease  in  coagulation  time  which  occurred,  but  this  question 
unfortunately  must  remain  unanswered.  A  decrease  in  anti- 
thrombin  will  of  course  favor  more  rapid  clotting,  but  whether 
or  not  the  decrease  which  we  have  shown  is  sufficient  to  com- 
l>ensate  for  a  certain  amount  of  diminution  in  prothrombin  and 
for  a  possible  diminution  in  fibrinogen  also,  we  are  unable  to  say. 
The  fact  that  there  was  very  little  change  in  antithrombin  in  two 
of  our  experiments  in  which  the  coagulation  time  was  practically 
constant  seems  suggestive  in  this  connection. 

We  believe  that  the  chief  interest  in  these  experiments  lies  in 
our  demonstrations  of  a  variation  in  antithrombin.  Except 
for  the  experiments  of  Davis"  showing  the  production  of  an  anti- 
thrombin wave  as  the  result  of  thrombin  injections  and  the  work 
of  various  investigators  on  the  increase  in  antithrombin  as  the 
result  of  peptone  injections,  all  previous  work  on  the  anti- 
thrombin in  the  blood  has  indicated  that  this  substance  is  re* 
markably  constant.     Thrombin  and  peptone  injections  produce 

"  Dreyer,  G.  P.:  Studies  from  the  Biological  Laboratory  of  the  Johns  Hop- 
kins University,  1893,  v,  77. 

■*  Davis,  D. ;  American  Journal  of  Physiology,  1911,  xids,  160. 


db,Google 


324  E.   R.   DRINKER  AlfD   C.   K.   DRINKER 

an  increase  in  the  amount  of  antithrombin.  Our  experiments 
are  the  first  instance  in  which  there  has  been  reported  a  positive 
decrease  in  the  antithrombin  content  of  the  blood. 


1.  Rapid  progressive  hemorrhage  causes  a  progressive  de- 
crease in  coagulation  time.  An  occasional  animal  proves  an 
exception  to  this  rule  and  shows  no  change  in  its  rate  of  clotting, 
no  matter  how  severe  the  hemorrhage. 

2.  Antithrombin  decreases  in  amount  when  the  coagulation 
time  decreases  and  remains  practically  constant  when  the  coagu- 
lation time  is  unchanged. 

3.  Prothrombin  tends  first  to  increase  slightly  in  amount  and 
then  to  decrease  slightly. 

4.  Fibrinogen,  estimated  by  the  heat  copulation  method, 
decreases  as  hemorrhage  progresses. 

5.  Platelets  counts  do  not  vary  with  rapid  progressive  hemor- 
rhage. 

We  wish  to  thank  Dr.  W.  B.  Cannon  for  his  interest  and  advice. 
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The  ex[}eriments  of  M all^  pertaining  to  the  influence  of  the 
portal  system  upon  the  distribution  of  the  blood,  have  been 
cited  repeatedly  in  proof  of  the  contention  that  the  portal  vein 
is  controlled  by  vasomotor  nerves.  The  observation  which  is 
generally  regarded  as  adequate  to  fully  substantiate  this  con- 
clusion, consists  in  the  fact  that  high  occlusion  of  the  abdominal 
aorta  fails  to  destroy  the  rise  in  the  carotid  blood  pressure  which 
usually  accompanies  splanchnic  stimulation.  Mall  states  that 
"Wenn  sicb  die  Aorta  so  verstopfen  lasst,  dasa  den  Arterienasten 
unterhalb  des  Zwerchfells  kein  Blut  mehr  zufliesst,  und  wenn 
dann  die  Reizung  des  Nervus  splanchnicus  den  Druck  in  der 
Cafotis  noch  steigert,  so  ist  damit  streng  bewiessen,  dass  nur 
die  aus  dem  Portalsystem  durch  das  Herz  in  das  Aortenwerk 
eii^efiihrten  Blutmassen  den  Druck  erhdht  haben." 

It  is  the  purpose  of  the  present  discussion  to  show  that  this 
"proof"  is  open  to  several  serious  objections.  While,  no  doubt, 
an  augmentation  in  the  carotid  blood  pressure  can  be  obtained 
under  the  conditions  here  briefly  outlined,  the  conclusion  based 
upon  it,  that  the  portal  vein  is  innervated  by  veno-motor  nerves, 
must  be  regarded  as  not  having  been  substantiated. 

Mall  states  that  no  ^blood  can  reach  the  arteries  below  the 
diaphragm,  if  the  aorta  is  occluded  by  a  ligature  at  a  point 
directly  below  the  origin  of  the  arteria  subclavia  sinistra.  This 
ligation  having  been  effected,  the  crural  artery  will  always  be 
found  free  from  blood,  but  such  a  result  cannot  be  attained  if 
the  aorta  is   obstructed  immediately  above  the  diaphragm. 

>  Archiv  far  Auat.  usd  Phyaiologie,  I8Q3,  409. 
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The  st&tement  is  also  made  that  the  occlusion  of  this  blood 
vessel  is  compensated  for  in  the  course  of  time.  Quite  similarly, 
stimulation  of  the  splanchnic  nerves  results  in  an  at^mentation 
of  the  general  blood  pressure,  but  the  rise  is  more  marked  if  the 
posterior  part  of  the  body  is  first  rendered  "bloodless."  Thus, 
values  of  200  mm.  Hg.  are  seldom  reached  with  the  aorta  intact, 
while  the  compression  of  this  blood  vessel  enables  the  pressure  to 
rise  to  points  considerably  above  this  level.  In  accordance  with 
Mall  this  secondary  rise  finds  its  origin  in  a  rapid  influx  of  blood 
from  the  portal  vein  occasioned  by  the  constriction  of  this  blood 
vessel. 

Contrary  to  Mall  it  has  been  demonstrated  by  Vehlich'  that 
a  certain  amount  of  blood  will  find  its  way  into  the  crural  artery 
of  the  d<^  even  after  the  aorta  has  been  ligated  below  the  sub- 
clavian artery.  A  similar  result  has  been  obtained  by  Hering* 
who  states  that  this  procedure  renders  the  arteries  of  the  abdomi- 
nal cavity  of  rabbits  only  partially  bloodless,  i.e.,  "beim  Auf- 
schneiden  fliessen  immer  noch  ein  bis  zwei  Tropfen  Blut  ab." 

The  conclusion  to  be  drawn  from  these  experiments  is  that  the 
compression  of  the  ^rta  at  the  point  indicated  does  not  lead  to 
a  confinement  of  the  blood  in  anterior  channels,  but  rather  favors 
its  escape  from  them  by  openit^  up  a  very  effective  system  of 
anastomosii^  blood  vessels.  By  dividing  the  body  transversely 
Vehlich  has  shown  that  these  connecting  blood  vessels  are  lo- 
cated within  the  vertebral  column.  It  must  be  admitted,  how- 
ever, that  the  establishment  of  this  fact  by  physiological  means 
has  not  augmented  our  knowledge  materially,  because  this 
anastomosis  seems  to  have  been  clearly  recognized  many  years 
before  the  time  of  publication  of  the  article  of  Vehlich  and  even 
before  the  appearance  of  the  paper  of  Mall.  Thus,  EUenberger 
and  Baum*  state  that  the  arteria  spinalis  anterior  passes  to  the 
posterior  end  of  the  cord  by  making  use  of  the  sulcus  longi- 
tudinalis  anterior  as  its  highway.  This  blood  vessel  receives 
connecting  branches  from  the  intercostal,  lumbar  and  sacral 

'  PflUger'a  Arohiv,  xcv,  1903,  264. 
'PflUger'a  Archiv,  Ixxii,  1898. 
^Amttomie  des  Hundcs,  Berlin,  1891. 
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arteries.  Moreover,  Heidenluun'  made  the  observation  that 
occlusion  of  the  aorta  does  not  always  provoke  a  fail  in  the  crural 
blood  pressure  to  zero  and  concluded,  therefore,  that  an  arterial 
communication  is  present  somewhere  in  the  domain  of  the  spinal 
column.' 

The  existence  of  an  anastomosis  of  this  kind  is  also  made  very 
probable  by  the  experiments  of  Basch  and  Oser/  Having 
lifted  the  aorta  above  the  diaphragm,  these  authors  injected 
nicotine  into  the  current  of  the  carotid  artery.  Very  pronounced 
contractions  of  the  intestine  resulted  in  consequence  of  this 
procedure  which,  however,  were  interpreted  as  proving  that  this 
drug  possesses  a  central  action.  Under  quite  similar  experi- 
mental conditions  Pal*  employed  morphine  to  test  the  effect  of 
this  agent  upon  the  centers  of  the  splanchnic  nerves.  Luchsinger* 
believed  that  the  action  of  pilocarpin  in  caudng  a  secretion  of 
sweat  upon  the  paws  of  the  cat's  foot,  is  entirely  central,  because 
this  effect  could  also  be  obtained  after  ligation  of  the  abdominal 
aorta. 

This  deduction,  however,  does  not  seem  to  be  justified,  because 
Robillard*"  has  shown  that  the  injection  of  pilocarpin  does  not 
produce  a  secretion  of  sweat  if  the  tibial  nerve  is  made  to  form 
the  only  connection  between  the  foot  and  the  remaining  portion 
of  the  posterior  extremity.  A  true  central  stimulation,  as  may 
be  had,  for  example,  by  an  accumulation  of  carbon  dioxide,  will, 
however,  readily  produce  a  secretion  of  sweat  at  this  time. 
Sodium  iodide  injected  into  the  carotid  artery  or  jugular  vein 
of  d<^,  could  easily  be  shown  to  be  present  in  the  blood  of  the 
crural  arteiy  after  ligation  of  the  aorta.  It  could  also  be  de< 
tected  after  these  animals  had  been  divided  transversely  in  such  a 
wsy  that  the  spinal  colmun  formed  the  only  connecting  bridge 
between  the  anterior  and  posterior  segments  of  their  bodies. 
This  proof  of  Vehlich  has  been  greatly  amplified  by  him.    For 

'  PflQger'B  Archiv,  xlix,  226. 

•Compare:  Maree,  Ffltiger'a  Archiv,  xlvii,  1903,  567. 
'  Wiener:  Med.  JabrbUcher,   1S72. 
'  Wiener:  Med.  Presse,  1900,  No.  45. 
•  PflUger'a  Archiv,  xv,  1877,  482. 
"  See  Biedel,  Wiener  Med.  Prease,  1899. 
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example,  he  has  been  able  to  incite  rises  in  the  crural  blood  pres- 
sure by  iujecting  adrenalin  into  the  vascular  circuits  of  the  for« 
part  of  the  body  and  has  succeeded  in  recovering  from  this  blood 
vessel  coloring  material  that  had  been  added  to  the  carotid  blood 
stream. 

These  experiments,  as  well  as  others  that  might  still  be  men- 
tioned, prove  conclusively  that  the  ligation  of  the  thoracic 
aorta,  as  practised  by  Pal  and  Mall,  does  not  lead  to  a  cessation 
of  the  circulation  through  the  channels  located  below  the  dia- 
phragm. Hence,  all  conclusions  which  are  based  upon  an 
assumption  contrary  to  this  fact,  cannot  be  regarded  as  being 
in  agreement  with  well  established  anatomical  and  physiological 
data. 

The  second  discrepancy  pertains  to  the  size  and  location  of 
the  vascular  field  which  is  controlled  by  the  splanchnic  nerves. 
The  conclusion  of  Mall  relative  to  the  motor  power  of  the  portal 
vein,  is  based  upon  the  phenomenon  that  stimulation  of  the  greater 
splanchnic  nerves  induces  rises  in  the  carotid  blood  pressure 
even  after  the  thoracic  aorta  has  been  ligated.  The  claim  is 
made  that  t^e  constriction  of  this  bloodvessel  causes  a  transfer 
of  portal  blood  into  the  arterial  channels  sufficient  to  produce 
this  change.  It  must  be  evident  that  if  the  augmentation  in 
the  carotid  pressure  is  to  be  regarded  as  an  indication  of  an  active 
reduction  in  the  size  of  the  portal  bloodbed,  the  vascular  field 
governed  by  the  splanchnic  nerves,  must  be  carefully  restricted 
to  this  venous  channel.  The  question  whether  Mall  has  actually 
succeeded  in  narrowing  the  area  experimented  upon  in  a  satis- 
factory manner  must  be  answered  negatively. 

Based  largely  upon  the  presentation  of  Swan,''  it  is  stated  by 
Mall  that  each  splanchnic  nerve  arises  by  three  separate  strings, 
namely,  as  the  splanchnicus  major,  minor  and  tertius.  Dense 
networks  of  fibres  appear  in  the  vicinity  of  the  adrenal  bodies, 
from  which  othera  continue  onward  to  aid  in  the  formation  of  the 
superior  mesenteric  and  coehac  masses  of  the  solar  plexus.  To 
quote  further:  " Ausser  den  Zweigen  zum  Darm  kanal  imd  seinen 

"  Comparative  anatomy  of  the  nervous  syatem,  London,  186*. 
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Driisen  sendet  das  Ganglion  noch  zuweilen  solche  zur  Niere." 
Obviously,  the  picture  which  is  drawn  here  regarding  the  dis- 
tribution of  the  splanchnicus  is  very  indefinite,  and  is  much 
less  accurate  than  the  description  given  upon  page  569  of  Ellen- 
berger  and  Baum's  Anatomie  des  Hundes.  As  this  work  has 
been  cited  by  Mall,  its  contents  pertaining  to  the  sympathetic 
innervation  of  the  abdominal  parts,  must  or  should  have  come  to 
his  attention. 

While  still  incomplete,  the  description  of  Ellenberger  and 
Baum  is  not  at  all  inconclusive  or  evasive  regarding  the  sym- 
pathetic innervation  of  the  kidneys.  Contrary  to  the  preced- 
ing quotation,  it  is  stated  here  very  clearly  that  the  "rami  renales 
kommen  aus  der  caudalen  Seite  des  Geflechtes — und  bilden  im 
Verein  mit  Zweigen  vom  Ganglion  mesentericum  superius  um 
die  Nierenarterie  den  Plexus  renalis;  die  Faden  desselben  umspin- 
nen  die  Nierenarterien  und  dringen  in  den  Nierenhilus  ein." 
These  authors  even  mention  the  fact  that  the  splanchnic  nerves 
supply  the  supra-renal  bodies;  and  possess  other  intra-abdominal 
ramifications. 

It  must  be  conceded,  therefore,  that  the  nerves  in  question 
control  a  vascular  field  which  is  very  much  lai^er  than  that 
drained  by  the  portal  vein.  Hence,  when  the  stimulation  of  the 
splanchnic  nerves  incites  an  augmentation  in  the  carotid  blood 
pressure,  this  rise  cannot  be  said  to  have  been  caused  solely  by 
constrictive  reactions  in  the  portal  vein.  In  accordance  with  the 
evidence  just  submitted,  they  may  indeed  be  referred  to  motor 
'  activities  in  several  other'  circuits  possessing  a  sympathetic 
nerve  supply.  The  possible  contention  that,  if  compared  with 
the  portal  blood  flow,  these  extra-portal  blood  streams  become 
of  negi^ble  importance,  cannot  justly  be  offered  in  support  of 
the  conclusions  of  Mall,  because  a  brief  comparison  of  the 
blood  supply  of  the  kidneys  with  the  portal  bloodflow  will  show 
the  opposite  to  be  true.  In  accordance  with  the  calibrations 
furnished  by  Burton-Opitz,"  a  liver  weighing  500  grams  receives 
about  7.0  cc.  of  blood  in  a  second  or  420  cc.  in  a  minute.    Of 

"  Quarterly  Journal  of  Experimental  Physiology,  v,  1912,  189. 
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this  total  amount  nearly  three-fourths  are  gathered  from  the 
portal  organs.  A  liver  of  this  weight  we  may  expect  to  find  in  a 
dog  weighing  about  15  kg.  and,  as  the  total  quantity  of  blood 
present  in  an  animal  may  be  roughly  calculated  at  one-thirteenth 
of  the  body  weight,  the  entire  mass  of  blood  must  traverse  this 
organ  once  in  every  three  minutes. 

When  reference  is  had  solely  to  the  total  blood  supply  of  organs, 
the  liver  no  doubt  ranks  first  among  the  structures  of  the  body, 
but  if  especial  emphasis  is  placed  upon  the  amount  of  blood 
that  is  allotted  to  each  100  grams  of  substance  in  a  unit  of  time, 
this  organ  cannot  be  said  to  be  as  vascular  as  the  kidney.  Upon 
this  basis,  the  combined  arterial  and  venous  supply  of  the  liver 
amounts  to  only  1 .40  cc.  in  a  second  ot  to  84  cc.  in  a  minute,  while 
the  venous  stream  alone  possesses  a  value  of  59  cc.  in  a  minute. 
Opposed  to  this  figure,  we  have  a  minute-volume  for  the  renal 
vein  of  151  cc.  per  100  gram  of  kidney-substance."  Clearly, 
therefore,  the  kidney  is  an  organ  that  must  be  reckoned  with. 
It  is  compact  and,  while  it  does  not  contain  a  considerable 
quantity  of  "residual"  blood,  it  is  capable  of  taking  up  large 
amounts  of  blood  by  simply  permitting  the  latter  to  flow  through 
its  channels  without  much  hindrance.  Thus,  we  know  that  the 
renal  vein  frequently  dischai^es  a  quality  of  blood  which  is 
markedly  hghter  than  that  contained  in  the  vena  cava;  its  color, 
in  fact,  often  closely  approaches  that  of  the  arterial  blood.  Ex- 
cepting the  thyroid  body,  the  kidney  is  the  most  vascular  structure 
in  the  body  and  naturally,  the  value  given  previously  gains  much 
in  importance,  if  it  is  doubled  to  represent  the  amount  of  blood 
discharged  by  the  two  oi^ans." 

It  has  been  shown  by  Burton-Opitz  and  Lucas  that  the  shut- 
ting off  of  the  arterial  supply  from  one  of  these  organs  suffices 
to  cause  an  augmentation  in  the  general  blood  pressure.  Similarly, 
it  has  been  proven  by  them  that  this  result  may  also  be  attained 
by  excitation  of  the  greater  splanchnic  nerves.     Hence,  the  quan- 

"  See:  Burton-Opitz  and  Lucas,  Pflilger'a  Arcbiv,  oxxiii,  1908,  156. 

"  Id  a  dog  weighing  about  18.  kg.  each  kidney  discharges  1.61  cc.  of  blood  in  a 
second.  The  weight  of  each  organ  amounts  to  S5  grams;  hence,  each  100  grams  of 
substance  receive  151  cc.  of  blood  io  a  minute. 
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tity  of  "residual"  blood  which  is  discharged  under  these  condi- 
tions by  the  constrictii^  renal  bloodvessels,  must  indeed  be  con- 
siderable. If  now  it  is  taken  into  account  that  Mall  has  also 
disregarded  the  haemodynamical  influence  of  other  extra-portal 
structures;  for  example,  that  of  the  supra-renal  bodies,  it  becomes 
quite  evident  that  the  rises  in  the  carotid  blood  pressure  obtained 
under  the  conditions  previously  outlined,  caimot  be  referred 
solely  to  constrictive  reactions  in  the  portal  vein. 

In  order  to  amplify  his  results  Mall  has  also  resorted  to  ex- 
citation of  the  splanchnic  nerves  after  temporary  occlusion  of  the 
portal  vein  and  vena  cava  below  tbe  diaphragm.  The  carotid 
pressure  was  observed  to  decline  subsequent  to  the  ligation,  but 
was  seen  to  rise  during  the  period  of  stimulation.  In  accordance 
with  this  result  the  statement  is  made  that  the  splanchnic  nerves 
undoubtedly  possess  tbe  power  of  removing  the  blood  from  the 
liver.  The  stimulations  were  confined  at  first  to  the  different 
roots  of  the  splanchnic  nerve,  but  a  record  was  also  made  of  the 
excitation  of  the  peripheral  end  of  the  network  of  fibres  accom- 
panying the  hepatic  artery. 

Whether  the  conclusion  just  quoted  has  been  satisfactorily 
proven  by  the  tests  just  briefly  outlined,  must  remain  doubtful, 
because  no  data  are  given  regarding  the  exact  location  of  the 
ligatures.  The  anastomosis  between  the  difierent  portal  trib- 
utaries, as  well  as  between  this  system  and  more  central  channels, 
is  very  complete.  We  have  seen  previously  that  one  of  the  es- 
sential preliminary  procedures,  namely,  the  obstruction  of  the 
thoracic  aorta,  has  failed  in  its  purpose  on  account  of  the  pres- 
ence of  anastomosing  arterial  channels.  It  has  been  proven 
that  a  cessation  of  the  arterial  influx  cannot  be  accomplished 
in  this  way. 

Concurrently,  no  reason  seems  to  be  at  hand  to  assume  that 
theobject  which  Mall  hoped.to  attain  by  obstructii^  the  inferior 
cava,  has  actually  been  attained.  In  fact,  it  is  admitted  in  the 
paragraphs  now  under  discussion  that  the  vena  portae  is  connected 
with  the  heart  by  more  than  one  chamiel.  It  is  stated  here  that 
the  path  of  least  resistance  leads  through  the^liver,  and  the  one 
of   greatest   resistance   through   the   vena   azygos.     Mall   also 
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shows  that  a  commuDication  exists  between  the  mesenteric 
veins  and  the  vena  azygos. 

Kesort  was  also  taken  to  the  ligation  of  the  inferior  cava 
above  the  diaphragm  and  hence,  presumably,  centrally  to  the 
orificeof  the  hepatic  vein.  When  this  blood-vessel  was  obstructed 
in  addition  to  the  thoracic  aorta,  the  excitation  of  the  splanchnic 
nerves  failed  to  induce  the  characteristic  augmenting  effect  in 
the  carotid  blood  pressure.  In  fact,  this  procedure  was  invari- 
ably followed  by  a  decline  in  the  general  blood  pressure.  In 
illustration  of  this  result  I  quote  the  figures  of  a  part  of  experi- 
ment II.  To  begin  with,  the  carotid  pressure  amounted  to 
134  mm.  Hg.  Measured  at  intervals  of  10  seconds,  the  ligature 
of  the  cava  above  the  diaphragm  induced  the  following  values: 
104,  80,  47,  36,  22,  and  14  mm.  Hg. 

While  the  absence  of  an  augmentation  in  the  carotid  blood 
pressure  fails  in  this  case  to  strengthen  the  assumption  that  the 
portal  vein  possesses  constrictive  powers,  it  proves  very  sug- 
gestive in  another  way.  To  be  sure,  any  confinement  of  the  blood 
in  anterior  vascular  channels  produces  at  first  a  decided  rise  in 
the  carotid  blood  pressure  which,  however,  is  compensated  for 
in  a  measure  within  a  reasonable  time  thereafter.  It  appears  to 
me  that  the  fall  in  blood  pressure  of  120  mm.  Hg  obtained  within 
a  period  of  60  seconds,  does  not  point  so  much  towards  a  com- 
pensatory approximation  of  the  anterior  vascular  channels  as 
towards  a  rather  free  leakage  of  blood  into  the  supposedly  tight 
vascular  compartments  posterior  to  the  ligatures.  This  result 
might  indeed,  have  su^ested  to  Mall  that  the  occlusion  of  the 
thoracic  aorta  does  not  prevent  the  blood  from  escaping  into 
posterior  bloodvessels. 

In  referring  to  the  description  of  the  splanchnic  nerves  by 
EUenberger  and  Baum,  the  statement  is  made  by  Mall  that: 
"In  letzterem  Werke  werden  abweichend  von  meinen  Befimden 
statt  eines  drei  Plexus  supra-renales  besehrieben. "  I  quote 
from  page  569  of  this  work  as  follows:  "Nahe  dera  dorsalen 
Rande  derselben  (Nebeimiere)  nimmt  der  N.  splanchnicus  ein 
Ganglion  in  seine  Bahn  auf,  von  dem  ein  starkerer  oder  zwei 
achwachere  Zweige  nach  dem  Ganglion  coeliacum,  das  zur  Seite 
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der  A.  coeliaca  liegt,  abgehen,  wahrend  ein  anderer  Zweig  sich 
mehr  caudal  wendet  imd  noch  ein  bis  zwei  kleiuere  Ganglien 
aufnimmt.  Dabei  verbindet  sich  dieeer  Zweig  mit  den  drei 
splanchoici  miBores  und  bildet  mit  ilmen  gemeiosam  das  an 
der  medialen  Flache  der  Nebenniere  gelegene  Nebennierengeflecht . 
(Plexus  supra-renalis).  Aus  demselben  und  zwar  wesentlich 
aus  seinen  Ganglien  gehen,  etc."  I  venture  to  believe  that  a 
scrutiny  of  this  description  will  show  that  Ellenberger  and  Baum 
should  not  be  charged  with  having  recognized  three  plexus  supra- 
renales.  The  fact  that  they  have  not  fallen  into  so  obvious  an 
error  is  shown  especially  well  towards  the  end  of  this  description, 
where  they  consistently  refer  to  this  plexus  by  the  singular  term. 

I  would  also  call  attention  to  another  misconception.  If  it  is 
granted  that  stimulation  of  the  peripheral  end  of  the  hepatic 
plexus  leads  to  the  removal  of  a  certain  quantity  of  blood  from  the 
liver  even  after  the  vena  portae  has  been  ligated,  the  deduction 
might  seem  justifiable  that  this  bloodvessel  possesses  motor  activ- 
ity. Such  a  conclusion,  I  venture  to  believe,  is  not  warranted 
upon  the  basis  of  Mall's  experiments,  because  the  liver  derives 
its  blood  from  two  sources.  Obviously,  therefore,  the  preceding 
deduction  can  be  accepted  as  proven  only  imder  the  condition 
that  the  arterial  supply  has  been  prevented  from  reaching  this 
organ.  In  the  first  place,  considerable  histological  evidence  is 
at  hand  to  show  that  the  arterial  and  piortal  terminals  com- 
municate with  one  another  in  the  liver.'*  Secondly,  it  has  been 
established  by  Burton-Opitz'*  that  the  occlusion  of  the  portal 
channel  at  the  hilus  does  not  lessen  the  blood  supply  of  this  oi^n 
in  a  corresponding  measure,  but  whenever  such  a  procedure  is 
attempted,  an  increase  in  the  arterial  influx  results  which  in 
part  compensates  for  the  quantity  of  portal  blood  lost. 

My  objections  to  the  conclusions  now  under  discussion  ai'e 
only  technical,  however,  because  I  myself  have  shown  that  the 
intra-hepatic  bloodvessels  are  equipped  with  motor  mechanisms. 
One  of  these  is  situated  in  the  terminals  of  the  hepatic  artery 

■•  See  Gad,  Dissertation,  Berlin,  1873.    Also  K611icker's  Gewebelebre. 
"  Quarterly  Journal  of  Experimental  Physiology,  ii,  ISll,  93. 
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and  the  other  in  the  radicles  of  the  portal  vela."  This  result 
has  been  arrived  at  (a)  for  the  arterial  channels  under  exclusion 
of  the  portal  blood,  and  (b)  for  the  venous  tubules  under  ex- 
cliisioD  of  the  arterial  influx.  Again,  I  have  sought  to  establish 
.the  existence  of  these  mechanisms  in  each  case  separately  by 
calibration  of  the  arterial  and  portal  blood  streams  before  and 
during  the  stimulation  of  the  hepatic  nerve  fibres,  as  well  as 
before  and  after  the  administration  of  varying  quantities  of 
adrenalin. 

In  this  connection  mention  must  also  be  made  c^  the  fact 
that  the  term  "portal  vein, "  as  formerly  used,  no  longer  conveys 
a  clear  impression  regarding  the  exact  seat  of  the  vasomotor 
reactions.  Reference  may  be  had,  on  the  one  hand,  to  the  tnm- 
cal  portion  of  the  vein  and,  on  the  other,  either  to  its  terminals 
in  the  liver  or  to  its  radicles  in  the  different  organs  forming  the 
portal  system.  While  we  know  that  the  arterial  entrance  to 
the  portal  vein  is  well  guarded  peripherally  by  very  efficient 
motor  mechanisms  located  within  the  domain  of  the  different 
"portal"  organs,  it  cannot  be  said  that  the  existence  of  such  a 
mechanism  in  the  truncal  segment  of  this  channel  has  been 
deflnitely  established.  I  believe  that  in  the  absence  of  more 
specific  statements.  Mall's  references  to  the  portal  vein  are 
usually  thought  to  apply  to  the  trunk  of  this  bloodvessel. 

I  venture  to  believe  that  the  statements  of  Mall  quoted  in 
this  paper,  have  been  disproven  in  a  satisfactory  manner  without 
that  a  further  discussion  of  minor  errors  becomes  necessary. 
As  has  been  emphasized  previously,  my  principal  objections 
against  the  conclusions  of  Mall  are  (a)  the  improper  limitation 
of  the  vascular  fields  experimented  upon  (b)  the  only  partial 
degree  of  anaemia  which  ligation  of  the  thoracic  aorta  pro- 
duces, and  (c)  the  imperfect  localization  of  the  reactions  for  which 
the  intra  and  extrahepatic  anastomosis  of  the  blood-vessels  are 
responsible. 

■'  Quarterly  Journal  of  Experimental  Phyaiology,  vii,  1913,  57. 
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INTRODUCTORY 

One  of  the  commonly  accepted  functions  of  the  pupil  of  the 
eye  is  that  of  compensating  its  dioptric  defects.  Owing  to  the 
chromatic  and  spherical  i^beITation  of  the  refractive  system  of 
the  eye  the  light  from  a  bright  point  of  an  outer  object  does  not 
come  accurately  to  a  focus  upon  the  retina,  but  forms  there  a 
small  diffusion  circle  of  Hght,  which  if  large  enough  has  blurred 
vision  as  its  effect.  Astigmatism  adds  to  this  effect,  and  if  irregu- 
lar introduces  additional  irregularities,  causing  still  further 
imperfectness  of  the  image.  The  pupil  by  reducing  the  size  of 
the  light-pencil,  reduces  also  the  size  of  the  diffusion-circle  and 
other  irregularities,  gives  a  clearer  image  and  consequently  better 
vision.  The  present  work  was  undertaken  to  estimate  the  im- 
portance of  this  function  of  the  pupil  and  further  to  find  by  ex- 
periment how  far  the  eye  is  actually  subject  to  that  which  physi- 
cists designate  as  the  resolving  power  of  its  optical  system.  The 
image  of  a  bright  point,  such  as  a  star,  when  formed  by  the  ob- 
ject-glass of  a  telescope,  and  looked  at  through  a  highly  magnify- 
ii^  eye-piece,  is  seen  not  to  be  a  mere  point  of  light,  but  a  central 
point  of  light  in  a  concentric  series  of  dark  and  bright  annuli, 
each  bright  ring  being  of  greater  intensity  than  those  surrounding 
it,  and  the  central  point  being  the  brightest  part  of  the  figure. 
This  pattern  is  due  to  diffraction  and  interference  of  the  light 
waves  passing  through  the  lens-aperture,  and  is  not  to  be  con- 
founded with  the  diffusion  circle  previously  spoken  of,  for  it  is 
something  wholly  different.  A  detailed  explanation  of  its  origin 
can  be  found  in  the  text-books  on  physical  optics  (1),  (2),  (3). 


dbyGoogIc 


336  PERCY  W.   COBB 

It  is  sufficient  to  state  here  that  it  has  been  empirically  found 
that  the  eye  is  just  able  to  differeptiate  two  such  images  when  the 
central  point  of  one  falls  in  the  darkest  part  of  the  inmost  dark 
ring  of  the  other,  independently  of  the  magnification  introduced 
by  the  eye-piece.  The  condition  of  this  is  expressed  by  the 
formula. 


Where  6  =  the  angular  separation  of  the  two  bright  points 
subtended  at  the  optical  center  of  the  image-forming  system 
arc    \ 
radius  /' 

X  =  the  wave-length  of  the  light  concerned, 

and  D  =  the  diameter  of  the  lens-aperture  (these  last  two 
being  expressed  in  equal  units). 

Inspection  of  the  formula  shows  that  the  larger  D  is,  the  smaller 
is  e  .  That  is,  the  resolving  power  is  proportionately  greater, 
the  larger  the  aperture.  This  is  contrary  in  sense  to  the  usually 
accepted  view  as  to  the  effect  of  the  pupil  of  the  eye,  Mid  pre- 
supposes a  lens  system  free  from  defects.  From  this  it  would 
at  once  appear  possible,  by  using  a  sufficiently  small  diaphragm 
before  the  eye,  to  so  reduce  the  effectiveness  of  its  optical  im- 
perfections, and  at  the  same  time  decrease  its  resolving  power  as 
explained  above,  that  the  eye  would  be  subject  chiefly  to  the 
latter,  and  that  under  certain  conditions  at  least  a  smaller  aper- 
ture would  actually  give  lower  visual  acuity  than  a  largw  one. 
The  present  work  shows  that  this  effect  can  be  obtained,  and 
just  how  far  it  is  effective. 

HISTORICAL 

The  writer  has  found  in  the  literature  only  two  systematic 
investigations  on  the  effect  of  pupillary  width  upon  visual  acuity. 
Uhthoff  (4)  in  1890  studied  tihis  question  as  a  preliminary  one  to 
determine  the  optimal  size  of  an  artificial  pupil  to  use  in  the 
investigation  of  visual  acuity  in  spectral  light  of  different  wave- 
lengths and  intensities.    He  used  diaphragms  of  various  sizes 
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(1.06  to  3.02  mm.  diameter)  and  altered  the  slit-width  of  his 
spectrometer  system  inversely  as  the  area  of  the  diaphragm  used, 
so  as  to  get  equal  luminous  flux  into  the  eye  in  all  cases.  He  found 
that  under  high  illumination  a  certain  diaphragm  of  2.06  mm. 
diameter  gave  the  best  vision,  the  next  larger  (3.02  mm.)  and 
next  smaller  (1.55  mm.)  giving  lower  values.  In  other  sets  of 
observations  at  lower  brightness  (less  ener^  admitted  to  the  eye) 
smaller  apertures  gave  optimal  results.  Vision  of  course  was 
lower  throughout  these  sets.  The  results  were  given  for  wave- 
lengths 505  n^  and  605  lin,  in  both  cases  showing  the  facts  just 
stated.  He  attributed  this  effect  to  diffraction,  noting  that 
with  a  1  mm.  aperture  the  limbs  of  the  test-object  appeared 
indistinct  and  broader  as  the  limit  of  vi^on  was  reached,  whereas 
with  the  Uu^er  diaphragms  they  continued  to  be  sharply  out- 
lined up  to  the  point  of  unrecognizability.  He  concluded 
that  the  diaphragm  of  2.06  mm.  diameter  was  the  best  one  to 
use,  as  above  that  the  optical  irregularities  of  the  eyes  were  in 
evidence. 

Hummelsheim  (5)  in  1898  used  homatropin  and  pilocarpin 
to  vary  the  size  of  the  pupil,  and  determined  visual  acuity  by 
means  of  the  Snellen  illiterate  character  E  under  daylight 
illuminations  varying  from  1  to  200  mk.'  The  illumination  was 
controlled  by  window  shades  and  measured  with  a  Weber  photo- 
meter. His  results  showed  visual  acuity  with  the  contracted 
pupil  to  be  higher  and  with  the  dilated  pupil  lower  than  with 
the  normal  pupil,  the  differences  showing  a  tendency  to  dis- 
appear at  low  illuminations,  under  which  conditions  vision  drop- 
ped to  lower  values  in  all  cases.  The  smallest  pupil  worked  with 
in  his  two  observers  was  1.5  mm.,  in  the  case  of  both  eyes  of 
the  one  and  2.25  mm.  in  the  other. 

i  the  Hefner  unit;  approximately 
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THE   PRESENT  WORK 

Apparaiue 

The  test  object  used  is  one  which  has  already  been  described 
(6)  [see  also  (7)  (8)]  and  permits  of  continuous  variation  in  the 
width  of  a  set  of  parallel  bands  without  altering  any  other  factor 
in  the  stimulus.  The  average  brightness  of  the  test  field  is  equal 
for  all  widths  of  the  bands.  The  observer,  by  means  of  a  small 
hand-wheel,  pulleys  and  a  cord,  is  enabled  to  adjust  the  object 
while  observing  it,  and  instructed  to  keep  it  just  at  the  limit  of 
visibility,  that  is  to  make  the  lines  gradually  smaller  while  they 
are  visible,  and  to  increase  their  width  while  invisible.  The 
movements  of  the  test-object  thus  brought  about  are  recorded 
on  a  kymograph  drum  by  means  of  a  lever  and  writing  point. 
At  the  beginning  or  at  the  close  of  the  experiment  the  abscissa 
lines  are  drawn  in  by  setting  the  test-object  successively  at  even 
millimeters  and  giving  the  drum  one  revolution.  To  get  the 
mean  setting  of  the  instrument  for  any  period  it  is  necessary  to 
scale  the  ordinateat  each  time-mark  (every  5  seconds  of  the  period) 
and  compute  the  setting  of  the  instrument  corresponding  to  the 
mean  ordinate. 

The  changes  in  the  eye-aperture  are  brought  about  by  using 
spiall  diaphragms  of  blackened  brass,  as  close  as  possible  to  the 
observing  eye.  The  distance  from  the  eye  to  the  plane  of  the 
test-object  is  125  cm.  and  the  diameter  of  the  circular  field  of 
the  latter  3.5  cm.  The  distance  from  the  diaphragm  to  the  pupil 
of  the  eye  is  perhaps  1.5  cm.  so  that  the  divergence  of  the  light- 
rays  between  the  artificial  and  natural  pupils  is  in  the  neighqoi^ 

125 

light  from  the  entire  face  of  the  test  object.  The  light  from  any 
point  on  its  surface  forms  a  pencil  whose  divergence  after  leaving 
the  diaphragm,  nearly  125  cm.  away,  is  proportional  to  the 
diameter  of  the  latter  and  ne^igible  in  the  short  distance  remain- 
ing before  it  enters  the  pupil  of  the  eye.  The  diaphragm  is 
then  the  aperture  from  which  the  theoretical  resolving  power  of 
the  system  is  to  be  computed,  and  there  in  assurance  that  the 
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portion  of  cornea  and  lens  used  does  not  exceed  the  diaphragm 
by  more  than  0.4  mm.  in  diameter. 

In  order  that  the  diaphragm  should  always  be  centered  in  the 
visual  axis  certain  precautions  are  used.  The  test-object  is 
viewed  against  a  milk  glass  illuminated  from  behind  by  a  lamp 
on  an  enclosed  track.  The  room  is  kept  dark  except  for  an  electric 
wall  light  back  of  the  observer,  which  by  means  of  a  rheostat 
he  can  dim  to  a  point  such  that  the  surroundings  of  the  bright 
test  field  are  just  visible.  The  opening  of  the  diaphragm,  close 
to  the  eye,  then  appears  as  a  blurred  dim  circle,  and  the  observer's 
head,  supported  by  a  forehead-and-ehin  support  is  adjusted  so 
that  the  test  field  appears  exactly  in  the  center  of  the  circle. 
The  wall  light  is  kept  Ut  during  the  experiment  so  that  the 
observer  always  has  a  check  on  the  position  of  his  eye.  The 
right  eye  is  always  used,  vision  by  the  other  being  cut  off  by  a 
small  black  cloth  hanging  before  it. 

Six  diaphragms  are  used  of  openings  1,  1.4,  2,  2.8,  4,  5.6  mm.^ 
in  diameter  respectively,  each  havii^  therefore  approximately 
double  the  area  of  the  next  smaller.  It  is  obvious  that  a  change 
in  the  size  of  the  diaphragm  changes  the  amount  of  light  entering 
the  eye,  and  consequently  the  brightness  of  the  image.  Further, 
it  is  well  known  that  simple  increase  in  the  brightness  of  a  test- 

■  In  order  to  show  that  the  artificial  pupil  was  always  the  limiting  aperture, 
photographs  of  the  eyes  used  have  beeb  since  taken  by  Bash-light.  A  millimeter 
scale  was  placed  beside  the  eye  and  its  photograph  used  to  measure  that  o(  the 
pupil.  The  test-object  was  set  at  its  highcat  brightness  (189  candles  per  square 
meter)  and  the  wall  light  tised  as  in  the  experiments.  Two  photographs  of  each 
cjre  were  taken,  6ne  as  soon  as  possible  after  entering  the  experiment-room,  and 
another  on  another  day,  after  20  minutes  spent  in  manipulating  and  viewing 
the  test-object  as  in  the  eupcriment.  The  results  gave  the  following  pupillary 
diameters. 

At  ontt  ASItr  m  ninuCn 

C 6,0—6.2  6,0—6.2 

G 6,5—6,75  6,1 

J 0,8—7,0  6.5—6.7 

The  uncertainties  in  this  method  of  measurement  are  indicated.  The  pupil 
Bhoweda  tendency  to  take  a  smaller  diameter  in  two  cases  as  the  eye  dark-adapted. 
Evidently  the  conditions  under  which  these  measurements  were  taken  (without 
the  artificial  pupil)  let  more  light  into  the  eye  than  any  experimental  condition 
uaed,  and  even  the  largest  artificial  pupil  (5,6  mm,)  wae  unquestionably  the 
limiting  aperture  in  the  experiments. 
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object  increases  the  power  of  the  retina  in  the  perception  of  its 
detail.  It  is,  therefore,  necessary  if  we  wish  to  gain  knowledge 
of  the  character  of  the  retinal  image  under  varying  apertures  to 
eliminate  diflferenees  of  brightness  of  the  retinal  image.  This  is 
accomplished  by  a  method  about  to  be  described  as  one  detail 
of  the  experimental  procedure. 

Procedure 

The  5.6  diaphragm  is  put  in  place.  The  observer,  seated 
properly,  begins  to  operate  the  test-object  by  means  of  the  hand- 
wheel,  and  at  a  word  from  him  the  drum  of  the  kymograph  is 
started.  He  keeps  the  Unes  of  the  test-object  as  nearly  as  possible 
at  the  point  of  disappearance  {or  reappearance)  and  at  the  end 
of  a  minute  the  kymograph  is  stopped,  the  next  smaller  diaphragm 
substituted,  a  one-minute  run  taken  and  so  oh.  When  the 
,  smallest  diaphragm  is  reached,  a  second  run  is  taken  with  it, 
after  a  brief  rest,  and  the  series  so  repeated  in  reverse  order. 

Before  each  run,  the  lamp  illuminating  the  test  object  is  moved' 
to  such  a  point  that  the  change  in  the  amount  of  light  entering 
the  eye  due  ta  the  change  in  the  area  of  the  diaphragm  is  bal- 
anced by  an  inversely  proportional  change  in  the  brightness  of 
the  test^object.  For  example  in  changing  from  the  1.4  mm. 
diaphragm  to  the  1  mm.  the  illumination  is  increased  as  (1)^  to 
(1.4)*  or  doubled,  so  that  the  retinal  image  of  the  test-object 
remains  of  the  same  brightness.  This  is  practically  ^eom- 
plished  by  determining  photometrically  the  positions  of  the  lamp 
on  the  track  which  give  illuminations  as  1,  2,  4,  8,  16  and  32  and 
using  each  with  its  proper  diaphragm. 

The  object  of  this  detail  of  the  procedure  is  to  equaUze  all 
factors  on  which  vision  may  depend  other  than  those  inherent 
in  the  refractive  apparatus  of  the  eye  and  dependent  in  magni- 
tude upon  the  size  of  the  aperture.  Better  vision  results  from 
simple  increase  in  the  amount  of  light,  and  if  this  were  not  com- 
pensated, might  result  from  it  alone  when  the  aperture  is  increased. 
By  diminishing  the  illumination  of  the  test-object  the  retinal 
image  is  in  each  case  brought  to  equal  mean  illumination,  and  a 
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difference  in  visual  acuity  can  under  such  conditions  be  due  only 
to  unequal  perfectness.  of  the  respective  images. 

With  each  observer,  two  series  were  taken  as  described,  and 
two  more  without  compensatory  change  of  the  illumination 
with  the  lamp  at  the  nearest  and  farthest  positions  respectively. 
This  latter  gave  the  test  field  an  average  brightness  of  5.92  can- 
dles per  square  meter  measured  photometrically,  and  the  former 
consequently  32  times  this  or  189  candles  per  square  meter.* 

Results  and  Discussion 

The  detailed  results  from  the  three  observers  are  given  in  the 
table  together  with  the  mean  of  the  results  for  each  set  of  con- 
ditions.   These  latter  are  embodied  in  the  curves  in  figure  1. 

From  the  table  it  will  be  seen  that  of  the  three  observers,  C* 
yielded  (with  few  exceptions)  the  lowest  values  for  visual  acuity 
and  J  the  highest  while  G  stood  between  the  two.  It  is  further 
to  be  noted  that  every  series  of  results  showed  a  maximum  value 
at  some  particular  -diameter  of  aperture,  and  that  diameters 
greater  and  less  than  this  optimum  in  the  same  series  both  gave 
lower  results.  This  is  to  be  attributed  to  the  predominance  of 
the  effects  of  optical  defects  in  the  case  of  the  larger  diaphragm, 
and  of  the  diffraction  effect  in  the  case  of  the  diaphragm  smaller 
than  the  optimum.  In  support  of  this  it  is  to  be  noted  that  the 
mean  variations  of  the  individual  results  of  the  three  observers 
from  the  average  of  the  three  are  less  under  Uke  external  con- 
ditions for  the  small  apertures,  and  increase  somewhat  irregulariy 
with  increase  in  the  latter.  In  going  from  lai^er  to  smaller  apei^ 
tures  the  individual  differences  in  the  varioxis  eyea,  in  respect 
to  their  refractive  regularity,  become  less  and  less  important 

'  A  perfectly  difTueing  surface  which  reflects  all  the  light  cast  upon  it  has  a 
brightness  of  1  candle  per  square  meter  when  the  illumination  upon  it  is  x  meter- 
candlee.  The  two  brightnesees  given  would  then  be  matched  by  such  a  surface 
under  illuminations  of  18.9  and  593  meter-candles  respectively.  Any  other  surface 
which  absorbs  a  part  of  the  light  would  require  a  correspondingly  higher  illumi- 
nation upon  it  to  present  as  equal  brightness. 

*  C  wore  correcting  gla«s,  -0.25  D  sph.  +  1.75  D  Cyl.  Axis  at  90".  The  other 
observers  required  no  correction. 
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and  the  dJfTraction  effect,  dependent  alone  on  the  size  of  the 
artificial  pupil  used  and  hence  equal  for  all  the  eyes,  increases 
and  finally  predominates  in  determining  the  limit  of  visual 
acuity. 

The  Relation  between  Visual  Aciiily  and  Size  of  ArliAeial  Pupil 


M.V.|_J_1«A^,  23  'M.V. 

a    |M.v. 

1.4     M.V.I     1     |M.V. 

Mam    1  5.78 
M.V.      0.60 

\e.oe\        '  sw  1 

1  O.ST  1           i  0.03 

on'«i6003L     'oio 

0.20 

5.03               3.93 
O.IS               O.K 

?        I'Z 

m"v,  |o:« 

0.71               O.Mj 

I'm          0  m         1  o'«  ■ 

G        5.34    O.JSli.TT    O.Sl  ■J.7fl,0.1« 

S.M-0.30    4.55    0.08    J.  ei  1  0,0» 
«i3    0  3B    4  57lo.ZS,3.Sslo.02 

Mean      S.73             [e.os'l            3.00 

S...I" 

4.44               3.5! 

The  values  for  visual  acuity  here  given  are  in  terms  of  the  instrument  read- 
ing.   They  may  be  translated  into  Snellen  units  by  multiplying  by  0.231.' 

The  resultB  in  Division  I  of  the  table  are  the  means  of  four  one-minute  runs 
for  each  observer,  in  Divisiona  II  and  III  two.  The  columiiB  headed  "M.  V." 
give  the  mean  variations  of  the  separate  results  from  the  mean  for  each  case. 
Similarly,  the  final  results  from  the  separate  observers  under  identical  condi- 
tions have  been  averaged  and  their  mean  variations  given  in  the  horizontal 
rows  also  designated  "M.  V." 

These  latter,  therefore,  measure  the  divergence  of  results  between  observers, 
the  former  the  divergence  of  the  individual  observer's  results. 


It  is  interesting  in  this  connection  to  compute  the  resolving 
power  of  the  eyo  with  the  smallest  diaphragm  used  and  compare 

'  This  comparison  is  to  be  qualified,  owing  to  the  fact  that  in  the  test-object 
used  the  bright  and  dark  lines  are  only  maxima  and  minima  in  brightness,  the 
transition  from  the  one  to  the  other  being  a  gradual  one.  In  the  case  of  the  usual 
test-charactera  the  transition  is  of  course  abrupt,  between  the  low  uniform 'bright- 
ness of  the  black  and  the  high  uniform  brightness  of  the  white  parts  of  the  test- 
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it  with  the  results  actually  obtained.     From  the  formula  9  = 

1.22=-  when  X  =  0.00057  mm.  (the  brightest  part  of  the  spectrum) 

and  D  =  1  mm.  9  (expressed  in  minutes)  =  2.39.  The  angulai 
separation  of  the  bright  lines,  when  the  test  object  is  set  to 
read  4.00  is  2.16  minutes — showing  the  observers'  eyes  to  give 
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Fig-  1.  The  values  plotted  are  the  means  for  three  observera.  The  aolid 
line  represents  the  values  ubtained  with  brightness  compensated,  the  upper 
dotted  line  with  constant  brightness  of  189  candles  per  square  meter,  the 
lower  5.92. 

somewhat  better  vision  than  is  called  for  by  the  formula.  This 
is  possibly  because  the  latter  is  based  on  the  smallest  resolvable 
separation  of  two  simple  bright  points,  while  the  present  experi- 
mental conditions  have  to  do  with  an  indefinite  series  of  parallel 
bright  lines  which  might  favor  the  eye  under  an  equal  angular 
separation  of  the  bright  elements. 

The  optimal  values  for  the  pupillary  diameter  are  indicated 
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by  italicization  of  the  results  in  the  table.  It  will  be  seen  that 
as  a  general  rule,  the  eye  which  under  equal  conditions  gives  the 
best  values  for  visual  acuity,  demands  a  larger  pupil,  other  fac- 
tors being  equaUzed,  than  does  an  inferior  eye  to  give  the  best 
result  of  which  it  is  capable.  Since  caeteris  paribus  visual  acuity 
increases  with  increase  of  brightness  of  the  test-object,  it  is  not 
surprising  that  where  the  brightness  of  the  retinal  image  is 
allowed  to  increase  with  diameter  of  pupil  (Divisions  II  and  III 
of  the  table)  the  size  of  aperture  for  optimum  vision  is  somewhat 
larger  than  it  is  when  the  test-object  brightness  is  so  compen- 
sated as  to  equalize  the  brightness  of  the  retinal  image  (Division  I). 

UhthoflF  obtained  results  mentioned  above,  with  which  the 
present  ones  are  in  agreement.  On  the  other  hand,  Hummelsheim 
found  increase  in  vision  with  decrease  in  pupillary  diameter 
without  exception.  The  fact  that  he  did  not  compensate  the 
illumination  to  obtain  equal  brightness  of  retinal  images  does  not 
account  for  the  discrepancy.  As  far  as  can  be  gathered  from 
his  work  in  the  case  of  the  observer  showing  the  lowest  visual 
an  artificially  contracted  pupil  (1.5  mm.),  was  2.3  at  200  mk. 
illumination,  and  with  the  natural  pupil  (4  to  4.25  mm.  at  this 
illumination)  2.0.  The  present  results  show  nothing  but  decrease 
of  visual  acuity  with  decrease  in  aperture  between  these  limits. 
Attention  is  called  here  to  the  additional  fact  that  in  the  present 
work  visual  acuity  shows  an  absolutely  lower  value  within  this 
fange,  at  brightnesses  both  above  and  below  that  just  mentioned 
as  used  by  Hummelsheim.  If  these  latter  were  plotted  in  figure  1 
the  points  would  fall  on  the  4  mm.  ordinate  almost  40  per  cent 
again  as  high  as  the  present  maximum  (Snellen  1.68)  and  at  a 
higher  point  as  the  zero '  ordinate  is  approached.  This  curve 
would  be  for  a  brightness  of  test-object  intermediate  between 
the  two  corresponding  to  the  two  dotted  curves  in  the  figure. 
This  wide  discrepancy  is  difficult  to  account  for.  It  is  to  be  borne 
in  mind  that  the  results  of  Uhthoff,  obtained  through  technique 
similar  to  the  writer's  agree  well  with  the  latter.  There  are 
three  possible  reasons  for  the  difference. 

1.  The  fact  that  an  artificial  pupil  allows  a  certain  amount 
of  divergence  of  the  rays  after  passing  throi^^  it,  so  that  the 
area  of  the  refracting  surfaces  of  the  eye  so  called-  into  use  is 
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somewhat  in  excess  of  the  area  of  the  artificial  pupil.  This  would 
give  the  refractive  errors  of  the  eye  greater  weight  than  the  case 
of  a  natural  pupil  of  the  same  apparent  diameter.  However  the 
difference  due  to  this,  as  previously  pointed  out,  is  quite  small. 

2.  The  possibility  in  the  present  work  that  unknown  to  the 
observer  his  eye  became,  during  the  observation,  somewhat 
decentered  with  reference  to  the  axis  of  the  system,  so  that  in 
the  case  of  the  small  diaphragm  eccentric  portions  of  the  refract- 
ing surfaces  of  the  eye  came  exclusively  into  play.  This  would 
tend  to  increase  at  least  the  chromatic  error.  There  stands, 
however,  the  fact  of  the  precautions  used  against  this,  and  the 
further  fact  of  the  close  agreement  of  all  results  obtained  under 
like  conditions  in  the  present  work  (Divisions  I  and  II  of  table, 
imder  1  mm.  aperture).  This  last  point  seems  to  rule  out 
any  error  which  could  fiuctuate  enough  to  cause  this  wide 
discrepancy. 

And  3,  the  fact  that  while  Hummelsheim  had  his  observers 
view  the  test  character  on  a  white  card,  with  surroiuidings  also 
illuminated  and  the  immediate  surroundings  equal  in  brightness 
to  the  card,  Uhthoff  and  the  present  writer  used  a  test  object  on 
a  background  chiefly  dark.  Such  a  difference  in  external  con- 
ditions undoubtedly  affects  the  condition  of  the  retina,  although 
previous  work  (9)  (10)  has  shown  only  a  slight  difference  in  visual 
acuity  due  to  dark  or  bright  surroundings,  unless  the  latter  are  in- 
creased to  a  brightness  considerably  in  excess  of  that  of  the  test- 
object.  This  was  not  the  case  in  Hummelsheim's  method,  and 
further,  such  a  condition  (excessively  bright  surroundings)  always 
results  in  lower  visual  acuity,  not  higher. 

The  disagreement  between  his  results  and  the  present  ones 
still  wants  explanation. 

Summary  of  Concliisions 

By  the  use  of  circular  diaphragms  before  the  eye  it  is  shown 
that  an  aperture  for  optimal  visual  acuity  exists  somewhere 
between  the  limits  1  and  5.6  mm.  for  brightness  of  test-object 
from  5.9  and  189  candles  per  square  meter. 

When  the  illumination  of  the  test  object  is  compensated  for 
tbe  size  of  aperture  to  give  equally  bright  images  upon  the  retina 
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the  optimum  is  somewhat  less  than  when  constant  illumination 
is  used  and  the  brightness  of  the  retinal  image  varies  with  the 
pupillary  area.  In  the  former  case  it  falls  at  2  to  4  mm.,  in  the 
latter  at  4  mm.  on  the  average.  Similar  differences  are  plainly 
shown  in  the  case  of  each  of  the  observers. 

Those  observers  showing  on  the  whole  better  vision  show  also 
a  larger  optimal  pupil. 

With  an  aperture  of  1  mm,  diameter  the  several  observers 
give  almost  identical  results,  which  agree  closely  with  the  value 
of  visual  acuity  calculated  from  the  physical  formula  for  the 
resolving  power  of  the  eye.  Above  this  diameter  the  refractive 
errors  of  the  eye  and  possibly  also  the  limitii^  capacity  of  the 
retina  itself  come  into  play,  and  visual  acuity,  although  at  first 
increasing  with  increase  of  aperture,  always  fails  to  keep  pace 
with  the  value  computed  from  the  formula- 

The  optimal  pupil  corresponds  on  the  whole  with  the  size  of 
pupil  accepted  as  normal  for  all  except  extreme  conditions, 
namely,  2.8  to  4  mm.  From  this  lower  limit  up  to  5.6  mm,  the 
variations  in  visual  acuity  with  size  of  aperture  are  not  large 
enough  to  be  of  practical  consequence. 

The  writer  wishes  in  conclusion  to  express  the  thanks  due  to 
his  colleague,  Dr.  H.  M.  Johnson  and  to  Mr.  George  Hathaway, 
technical  assistant,  for  their  cooperation  and  indispensable  serv- 
ices as  observers  in  this  work,  and  to  Mr.  Albert  Scheel  and 
Mr.  Roy  Kerslake  for  the  labor  of  computing  the  results. 
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It  is  well  known  that  the  subcutaneous,  intramuscular  or 
intravenous  injection  of  pituitary  extract  into  lactating  animaJs, 
man  included,  leads  to  an  immediate  increase  in  the  amount  of 
milk  secreted  by  the  mammary  gland,  abnormally  rich  in  fat. 
This  fact  would  at  once  suggest  a  practical  method  of  increasing 
the  output  of  milk  in  dairy  cattle  or  milch  goats,  but  it  is  found 
that  there  is  a  diminution  in  the  yield  at  the  next  milkii^  period, 
so  that  for  the  twenty-four  hours  the  total  quantity  of  milk  or 
cream  is  not  increased.  There  would  appear  to  be  another  rea- 
son against  the  habitual  use  of  pituitrine  as  a  galactogogue,  viz., 
that  immunity  to  its  action  on  the  mammary  gland  is  estab- 
lished. This,  at  any  rate,  we  find  to  be  the  case  in  some  of  the 
goats  with  which  we  have  been  experimenting,  and  the  obser- 
vation we  deem  worthy  of  being  put  on  record. 

In  om"  experiments  on  milk  secretion  in  the  goat  we  have  used 
one  animal  for  pituitary  injection,  at  various  periods  extending 
over  one  year,  and  have  found  that  the  extract  appears  to  be- 
come less  and  less  effective  as  time  goes  on.  This  goat,  when 
she  came  into  -our  possession  (October  31,  1913),  was  in  a  late 
stage  of  lactation,  having  given  birth  to  her  last  kid  in  the  end 
of  March  or  beginning  of  April  of  the  same  year.  On  January 
27,  1914,  another  kid  was  bom.  Neither  of  the  kids  was  suckling 
when  we  made  our  experiments. 

In  the  subjoined  table  (1)  will  be  seen  the  effect  of  the  injec- 
tions (2  to  3  cc.  of  Parke,  Davis  and  Company's  pituitrine)  on 
the  different  dates.    The  goat  was  milked  dry  Immediately  before 
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injection  and  again  fifteen  minutes  after.  The  last  section  of 
the  table  (beginning  July  14,  1914)  gives  the  quantities  obtained, 
under  the  sai^e  conditions,  when  no  injection  was  given,  i.e., 
the  animal  was  milked  dry  and  then  fifteen  minutes  later  milked 
dry  again. 

TABLE  1 
Goat  I 


^ 


Oct.    17.- 
Ocl.    19,. 


80 

12,9 

18,0 

1         55 

6.7 

12,6 

'          51       • 

6.3 

10.2 

Kid  born  January  17,  19H 


1 

1           5 

12 

2 

7 

4 

16 

2 

10 

Control  milkingt  mlhoul  injection 


4 

9 

1 

3 

1 

4 

1 

5 

2 

10 

The  next  table  (2)  shows  the  results  of  the  injection  in  the 
same  animal  (Goat  I)  made  under  somewhat  different  conditions. 
.  At  5  p.m.  the  pituitrine  was  injected  without  previous  milking 
and  fifteen  minutes  later  the  udder  was  milked  dry.  The  amount 
of  milk  yielded  at  the  same  hour  on  the  evening  before,  with- 
out injection,  is  taken  as  the  control. 

In  another  series  of  experiments,  made  for  a  different  purpose, 
we  were  able  to  compare  the  effects  on  two  goats,  one  (Goat  I) 
which  had  been  used  in  this  work  for  several  months  and  the 
other  (Goat  II)  which  had  been  in  our  possession  for  only  a 
few  days.  Goat  II,  an  old  animal,  was  giving  more  milk  at 
the  time  than  Goat  I. 
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Each  was  milked  dry  at  9  a.m.  and  again  at  4  p.m.;  at  6  p.m. 
the  pituitrine  was  injected  and  fifteen  minutes  later  the  udder 
was  emptied  ^ain.  In  table  3  the  first  column  shows  the  milk 
in  cubic  centimeters  yielded  at  4  p,m.  and  the  second  at  6.15 
p.m.,  after  injection,  for  each  goat. 

Comparing  the  numbers  on  the  control  days  with  those  on 
the  days  of  injection,  in  the  case  of  Goat  I  there  is  very  little 
difference,  whereas  in  Goat  II  the  contrast  is  marked.  On  June 
5  only  20  cc.  of  milk  had  accumulated  in  the  gland  between  the 
houi^  of  4  p.m.  and  6  p.m.,.  while  on  the  day  following,  in  the 

TABLE  2 
Goat  I 


»13 

IHCBEABB 

PER  CHUT 

Nov.  19 

So  injection. . 

58 

Nov.  20 

Injection 

SS    . 

30 

52 

Nov.  23 

No  injection- . 

75 

8.9 

Nov.  24 

Injection 

90 

15 

20 

11.4 

Second  laclalion  ■period 

ISH 

June    3 

No  injection. . 

40 

7.4 

June    4 

Injection 

40 

0 

0 

8.4 

J«ly     9 

No  injection.. 

40 

8.0 

July  10 

Injection '         40 

0 

0 

7.7 

same  two-hour  period,  under  the  influence  of  pituitrine,  100  cc- 
was  obtained. 

In  a  third  goat  the  same  effect  is  apparent.  This  was  a  young 
animal  in  her  first  lactation  period.  A  kid  was  bom  on  June 
26,  1914,  and  killed  by  dogs  on  JxUy  1.  The  mother  came  into 
our  poBsession  on  July  3  after  which  she  was  milked  by  hand 
r^;ularly,  morning  and  evening. 

On  the  dates  given  in  table  4  this  animal  was  milked  dry  at 
6  p.m.,  injected,  and  again  milked  15  minutes  later.  On  alter- 
nate days  the  same  procedure  was  adopted  except  that  no  pitui- 
trine was  given;  the  results  are  recorded  in  the  second  part  of 
the  table. 
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TABLES 


OOitt 

OOUII 

Itl4 

Milk  in  00. 

PMpO-MDt 

Milk  in  ce. 

fVitporont 

«p.m. 

p.m. 

4p.ni. 

SIS 
p.m. 

4  p.m. 

p.'m. 

4  p.m. 

8-W 

40 
35 
25 

11 
15 
15. 

6.5 
9.2 

7.8 

8.0 
6.4 

90 

75 
80 

100 

.90 
70 

7.8 
6.6 
8.0 

June    8 

11.9 

Control  on 

days  ufhen  n 

0  pituitrine  wat  given 

June    5 

45 
45 

8 
14 

7-6 
8.8 
8.3 

5.4 

8.2 
8.4 

100 

95 
85 

20 

22 
25 

5,8 
5.9 
6.5 

June    7 

A  glance  at  the  figures  given  above  will  show  that  the  mam- 
mary gland  appears  to  become  less  and  less  susceptible  to  the 
influence  of  pituitary  extract  the  longer  the  administration  is 
continued.  This  applies  both  to  the  quantity  of  milk  yielded 
and  to  its  fat  content.  The  effect  is  best  seen  in  the  case  of 
Goat  I  but  it  is  also  apparent  in  Goat  III. 


TABLE  4 

Goal  III 

.... 

inJtKstion 

Afl« 

injwtioi. 

iS'SS 

8.0 
6.8 
8.7 
7.7 
9,7 

■"A^.;r" 
icjietian 

July   10 

110 
170 

70 
70 
70 

60 
3S 

10 
10 
7 

56 

21 
14 
14 
10 

..6 

Conlro 

on 

200 
70 
65 
70 

75 

5 
5 
6 
5 

4 

2.5 

7 
10 
7 
5 

7.2 
6.4 
6.4 
8.2 
9.0 

* 

Oct.     3 

Oct.    19. 
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Hammond  finds  that  a  goat,  in  the  early  stages'  of  lactation, 
is  more  sensitive  to  small  doses  than  one  in  a  later  stage,  but 
our  doses  were  all  maximal,  that  is,  2  cc.  or  more.  The  stage 
of  lactation  cannot  be  the  sole  influence  since  in  tables  1  and  2 
both  sets  of  observations  were  made  about  eight  months  after 
parturition,  but  in  different  lactation  periods. 

If  it  be  a  fact  that  immunity  is  established,  then  the  pituitary 
secretion  cannot  act  as  a  stimulant  for  the  mammary' gland  in 
normal  conditions. 


The  adnunistration  of  pituitary  extract,  by  intravenous,  intra- 
muscular or  subcutaneous  injection,  to  a  lactating  animal  leads 
to  a  marked  increase  in  the  quantity  of  milk  secreted  and  also 
in  its  fat  content.  In  the  goat,  if  the  injection  be  continued 
at  intervals  over  a  prolonged  period — several  months — immunity 
to  its  action  on  the  mammary  glands  appears  to  be  established 
both  in  regard  to  the  amount  of  millr  yielded  and  the  percentage 
of  fat  it  contains. 
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Diitributwn  of  gtietrin  in  the  body.     R.  W.  Keetom  and  F.  C.  Koch. 

The  gastrin  extracts  were  obtained  by  adding  5  parts  0.4  per  cent 
hydrochloric  acid  to  one  part  tissue,  heating  to  steam  bath  temperature, 
allowing  to  cool  to  and  then  to  digest  at  room  temperature  for  24  hours. 
After  filtering  and  concentrating  the  filtrate  under  diminished  pressure, 
the  proteins  were  removed  by  the  addition  of  alcohol,  the  filtrate  again 
concentrated  under  diminished  pressure  and  extracted  with  hot  absolute 
alcohol  to  remove  vaao-dilatins.  The  insoluble  residue  was  dissolved 
in  water  and  diluted  so  that  1  cc.  of  the  final  solution  represented  4 
to  5  gcams  fresh  tissue. 

The  preparations  were  injected  intramuscularly  into  gastric  fistula 
and  Pawlow  stomach  dogs.  These  methods  showed  gastrin  to  be 
uniformly  distributed  in  the  pyloric  and  fundus  portions  of  the  stomach 
while  in  the  cardiac  area  slightly  less  active  products  were  obtained. 
Gastrin  was  found  in  lower  concentrations  in  duodenal  mucosa  and  in 
traces  in  the  oesophs^s.  Smooth  muscle,  pancreas  and  submaxillary 
gland  by  the  same  methods  gave  inactive  preparations.  Brain  tissue 
gave  an  extract  causing  slight  increase  in  the  volume  of  juice  with  the 
same  acidity,  but  with  a  decrease  in  peptic  activity.  The  results  lead 
the  authors  to  believe  that  they  are  dealing  with  a  specific  substance 
found  in  the  gastro-intestinal  tract,  but  localized  chiefly  in  the  stomach. 
This  substance  gives  rise  to  a  true  secretion  in  contra-distinction  to  the 
brain  extracts  which  probably  cause  vastwlilation  only. 
353 
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The  relation  of  the  huTiger  contradions  of  the  stomach  to  the  nomuU  digestion 

nuwemenia.    F.  T.  Roobbs  and  L.  L.  Hardt. 

Light  on  this  question  was  sought  in  two  ways;  first  graphic  regis- 
tration by  the  rubber  balloon  method  of  the  activities  of  the  stomach 
continuously  from  a  time  just  after  a  meal  until  the  hungry  contractions 
were  felt;  second,  X-ray  observation  of  the  hunger  contractions  using 
a  bismuth-coated  balloon  with  simultaneous  graphic  registration  of  the 
contractions.  The*  &rst  work  was  carried  on  with  man  and  dogs,  the 
second  with  dogs. 

With  the  hrst  method  we  find  that  there  is  present  in  the  cardiac 
end  of  the  stomach,  in  the  absence  of  inhibiting  nervous  influences,  a 
slow  weak  tonus  rhythm  wluch  as  digestion  proceeds  and  the  stomach 
empties  itself  becomes  stronger  and  more  rapid,  culminating  in  the 
hunger  contractions  of  the  empty  or  nearly  empty  stomach.  This 
tonus  rhythm  may  be  seen  during  the  first  hour  after  a  meal.  It  is 
readily  inhibited  by  nervous  disturbances. 

With  the  X-ray  it  may  be  seen  that  the  weak  hunger  contractions 
are  contractions  of  the  fundus  accompanied  by  a  strong  peristaltic 
wave  which  beginning  near  the  cardia  passes  over  the  fundus.  More 
vigorous  hunger  contractions  are  strong,  rhythmical  contractions  of 
the  whole  fundus.  If  these  contractions  are  peristaltic,  their  rate  of 
advance  is  too  rapid  to  be  seen  by  this  method.  With  the  balloon  in 
the  pyloric  end  of  the  stomach  only  peristaltic  contractions  were  seen. 

The  devetopmeTit  of  a  tunicale  without  a  nervous  system.     Ida  H.  Hyde. 

From  embryos  and  larvae  of  different  ages  of  Ammaroecia,  one  of 
the  Tunicatea  found  in  Woods  Hole,  up  to  date,  five  seta  of  experiments 
were  made,  controls  kept,  and  material  fixed  and  stdned  for  further  work. 

The  following  is  a  prehminary  r^um€  of  the  experiment  and  the 
results. 

1.  From  free  swimming  larvae,  or 

2.  From  young  embryos  the  tail  or  its  anlage  were  removed.  The 
organisms  developed  quite  normally  but  were  smaller  than  the  control. 

3.  From  free  swimming  larvae,  or 

4.  From  young  embryos  the  tail  and  the  nervous  system  or  their 
anlage  with  the  sense  organs  were  removed.  The  results  were  small 
abnormal  organisms,  in  which  the  heart  began  to  beat  and  the  siphons 
contracted  slowly  and  incompletely.  The  investigation  had  not  pro- 
ceeded far  cnot^h  to  enable  me  to  state  that  the  heart  reversed  its 
rhythm  spontaneously. 
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5.  From  embryos  the  nervous  system  in  part  or  whole  and  the  heart 
snlage  were  removed. 

The  resulting  cell  complex  developed  into  an  abnormal  structure. 
The  heart  siphons  and  part  of  the  digestive  tract  were  misEdng.  The 
cells  that  were  left  uninjured  were  capable  of  continuing  their  growth 
in  a  suitable  environment  up  to  a  certain  degree. 

The  influence  of  light  on  reproduction  in  VortieeUa.     Ida  H.  Hyde  and 

Christine  Sfreier. 

Encysted  Vorticellae  were  transferred  by  means  of  a  Barber  capil- 
lary pipette  to  a  hanging  drop  infusion.  When  the  zooids  emerged 
from  the  cysts  they  were  placed  in  a  drop  of  the  culture  media  on  a 
hemocytometer  micrometer  slide.  This  was  kept  in  a  moist  chamber. 
The  Vorticellae  of  each  series  of  the  same  age,  were  kept  under  the 
same  conditions  of  temperature,  moisture,  food,  and  intensity  of  light 
but  under  different  colored  rays,  of  different  degrees  of  intensity  for 
at  least  three  days.  Colored  glass,  gelatin  hlms  and  rays  reflected  from 
pure  monochromatic  colored  cards  both  in  bright  and  dim  light  were 
employed  in  studying  the  influence  of  colored  light.  For  studying  the 
influence  of  the  intensity  of  Ught  the  Vorticellae  were  placed  at  different 
distances  from  the  source  of  aun  or  electric  hght  or  back  of  smoked  glass 
covers.  The  heat  rays  were  cut  out  by  water  placed  in  parallel  sided 
glass  vessels  in  the  path  of  the  beams  of  light.  From  the  results  ob- 
tained we  concluded  that:. 

1.  Vorticellae  exposed  to  dayhght  increased  more  rapidly  in  number 
on  bright  sunny  days  than  on  dark  cloudy  ones. 

2.  On  an  average  25  developed  one-half  meter,  10  one  meter  from 
the  source  of  light  and  2  in  the  dark,  from  one  Vorticellae  in  24  hours. 

3.  The  average  increase  in  bright  light  was  40  from  green,  29  under 
yellow,  26  under  white,  17  under  red  and  13  under  blue. 

In  dim  Ught  it  was  5  for  yellow,  3  for  green,  2  each  for  white,  blue  and 
red,  from  one  Vorticellae  in  24  hours. 

4.  We  conclude  that  the  stimulating  effect  on  the  reproductive  power 
of  Vorticella  increases  up  to  an  optimum  intensity  of  Ught  rays,  with 
the  intensity  of  the  hght  and  that  the  bright  luminous  rays  of  yellow 
and  green  are  more  effective  than  the  red  and  blue  ones. 
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The  relation  betvxen  the  eryikrocytes  and  the  haemogUjbin  to  the  oxygen 
tension  of  the  respired  air.     H.  C,  Dallwio,  A.  C,  Kolls,  and  A.  S. 

LOEVENHART. 

The  objects  of  the  work : 

1.  To  further  elucidate  the  proposition  that  decreased  oxidation 
leads  initially  to  stimulation. 

2.  To  determine  definitely  the  cause  of  the  increases  in  erythrocytes 
and  haemoglobin  at  high  altitude. 

3.  To  detenmne  the  relative  susceptibility  of  the  respiratory  center 
and  the  red  bone  marrow  to  decreased  oxidation. 

4.  To  form  a  part  of  a  general  study  of  the  relation  of  oxidation  to 
functional  activity. 

Methods : 

First.  We  have  worked  at  atmospheric  pressure  keeping  the  animals 
in  an  atmosphere  of  oxygen  and  nitn^n  of  definite  and  constant  com- 
position but  varying  the  concentration  of  oxygen  and  nitrogen  in  differ- 
ent experiments, 

Second.  We  have  kept  animals  in  rarified  atmospheres,  the  degree 
of  evEicuation  of  the  chambers  yielding  the  same  oxygen  tension  as  in 
the  experiments  at  atmospheric  pressure. 

The  animals  used  were  dogs,  guinea-pigs  and  principally  rabbits. 

Results : 

1.  Lessening  of  the  oxygen  tension  in  the  respired  »r  leads  to  an 
increase  in  the  erythrocytes  and  haemoglobin. 

2.  This  increase  is  due  to  increased  activity  of  the  red  bone  marrow 
as  is  shown  by  a  microscopical  study  of  the  bone  marrow,  by  the  oc- 
currence of  a  large  number  of  basophilic  macrocytes  in  the  blood  and 
by  the  fact  that  the  haemoglobin  and  erythrocytes  do  not  increase 
proportionately, 

3.  The  changes  occur  only  if  the  oxygen  tension  of  the  respired  air 
is  reduced  below  14  per  cent  of  an  atmosphere.  It  was  found  by  Haldane 
and  Priestley  that  when  the  oxygen  tension  of  the  respired  air  falls  to 
about  13  per  cent,  the  respiratory  center  is  stimulated  by  oxygen  want. 
Hence  the  respiratory  center  and  the  red  bone  marrow  are  apparently 
equally  senative  to  oxygen  want. 

4.  It  is  immaterial  whether  the  lowering  of  the  oxygen  tension  is 
brought  about  at  atmospheric  pressure  by  keeping  the  animals  in  an 
atmosphere  poor  in  oxygen  and  rich  in  nitrogen  or  whether  the  oxygen 
tension  of  the  respired  Mr  is  lowered  by  a  partial  evacuation  of  the 
respiratory  chamber. 
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5.  The  carbon  dioxide  tension  in  the  respired  air  is  a  factor  of  but 
small  or  no  importance. 

6.  The  increase  in  erythrocytes  and  haemc^lobiQ  occurs  in  flnimftla 
which  are  naturally  anaemic  as  well  as  in  animals  with  a  high  blood 
CQunt. 

7.  The  increase  in  the  haemoglobin  and  erythrocytes  occurs  only 
after  three  to  seven  days  and  the  return  to  the  normal  blood  count  is 
slow  and  gradual,  often  requiring  two  months. 

The  comparative  r(Ue  of  the  oxidalion  of  emymea  and  their  corresponding 

pro-enzymes.    W.  E.  BURQE. 

The  object  of  this  investigation  was  to  determine  if  there  was  any 
difference  in  the  rate  at  which  pep»sin  and  pepsinogen,  trypsin  and 
trypsinogen,  respectively,  were  destroyed  by  oxidation. 

The  solutions  of  pepsin  and  pepsinc^en  were  practically  identical 
in  strength  after  the  activation  of  the  pepsinc^en.  150  coulombs  of 
electricity  were  passed  throt^h  5  cc.  of  the  solution  of  pepsin.  Polari- 
zation was  prevented  by  shaldng  the  electrolytic  cylinder.  The  amount 
of  o:>^gen  liberated  by  the  passive  of  this  amount  of  current  was  suffi- 
cient to  oxidize  practically  all  of  the  pepsin.  The  same  amount  of  cur- 
rent was  passed  through  an  equal  quantity  of  pepsinogen  solution. 
The  peptic  activity  of  this  solution  was  decreased  by  about  20  per  cent. 
The  conclusion  is  drawn  that  pepsinogen  is  more  resistant  to  oxidation 
than  pepsin. 

The  trypsinogen  in  5  cc.  of  pancreatic  juice  was  converted  into  tryp- 
sin by  the  addition  of  2  drops  of  enterokinase.  The  amount  of  oxygen 
liberated  by  the  passage  of  150  coulombs  of  electricity  through  this  solu- 
tion practically  destroyed  its  activity.  A  similar  amount  of  electricity 
was  passed  through  5  cc.  of  pancreatic  juice  in  which  the  trypsinogen 
had  not  been  activated.  Upon  subsequently  activating  this  electro- 
lyzed  solution  it  was  found  that  the  oxygen  liberated  by  the  passage 
of  this  amount  of  current  had  decreased  its  tryptic  activity  about 
75  per  cent.  The  conclusion  is  drawn  that  trypsin  is  more  easily 
oxidized  than  trypsini^en. 

On  the  concentration  of  sodium  chloride  in  the  plasma  and  its  relation 
'to  the  rate  of  excretion  in  normal  and  diabetic  man.    Franklin  C. 

McLean. 

The  numerical  laws  governing  the  rate  of  excretion  of  sodium  chloride 
formulated  by  Ambard  and  Weill  {Jour,  de  Phya.  el  Path.  Gen.,  1912, 
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vol.  xiv)  have  been  confirmed  by  us  in  numerous  observations  on  normal 
individuals.  The  normal  threshold  for  sodium  chloride  is  5.62  giBms 
per  Eter  of  plasma,  and  when  the  concentration  falls  below  this  point 
excretion  no  longer  occurs.  Above  this  point  the  rate  of  excretion  var- 
ies directly  as  the  square  of  the  excess  of  sodium  chloride  above  5.62 
grams  per  liter.  The  excess  may  be  calculated  from  the  rate  of  ex- 
cretion by  the  following  formula,  which  corrects  for  the  variable  factors 
of  the  weight  of  the  individual  and  the  concentration  of  sodium  chloride 
in  the  urine,  as  Ambard  and  Weill  have  shown  that  when  the  concen- 
tration in  the  plasma  remains  the  same,  the  rate  of  excretion  varies 
inversely  as  the  square  root  of  the  concentration  in  the  urine. 


Exe,^  over  5.62  W-V         ?iV"^' 

D  =  daily  output,  in  grams 

C  =  concentration  of  NaCl  in  urine,  grams  per  liter 

Wt=  weight  of  individual,  in  kilos 

The  limit  of  error  in  applying  this  formula  in  normal  individuals  is 
about  0.08  gram  per  Uter  plasma,  as  determined  by  direct  experiment 
in  many  individuals. 

In  eighteen  diabetic  patients  examined  about  half  were  found  to 
have  a  normal  excretion  of  sodium  chloride,  as  determined  by  com- 
parison of  the  concentration  of  the  plasma  with  the  rate  of  excretion 
by  the  above  formula.  With  one  exception,  a  patient  who  had  also  a 
severe  nephritis  with  chloride  retention,  the  remainder  of  the  cases  were 
excreting  sodium  chloride  on  a  markedly  diminished  thr^hold.  In 
some  of  the  cases  the  amount  found  in  the  plasma  differed  from  the 
amount  calculated  by  as  much  as  0.75  gram  per  liter.  These  patients 
complained  of  salt  hunger,  apparently  due  to  the  low  chloride  content 
of  the  plasma.  In  one  case  edema  occurred  while  the  patient  was 
on  a  carbohydrate-free  diet,  and  was  apparently  unaccompanied  by 
any  kidney  change.  Chloride  retention  in  the  plasma  occurred  during 
this  edema,  and  the  condition  returned  to  its  former  state  on  disappear- 
ance of  the  edema. 

When  the  intake  and  output  of  sodium  chloride  were  measured  in 
individuals  excreting  chloride  on  a  lowered  threshold  the  output  was 
found  to  be  normal,  though  much  diminished  during  the  occurrence 
of  edema. 
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Tke  diastases  of  the  blood.    Hugh  McGuigan,  and  C.  L.  v.  Hess. 

If,  ae  has  been  suggested  as  probable  by  ourselves  and  reported 
as  a  fact  by  others,  diastases  will  dialyse  through  collodion,  it  favors 
the  opinion  that  the  diastases  are  free  in  the  blood  and  not  in  the  form 
of  a  pro-enzyme.  Careful"  experiments,  however,  show  that  diastases 
will  not  dialyse.  Even  when  concentrated  and  with  little  colloidal 
admixture — as  in  saliva— no  dialysis  will  take  place  through  collodion 
in  dx  or  pight  hours. 

The  injection  of  starch  into  the  circulation  causes  an  increase  in  the 
amount  of  blood  sugar.  This  has  been  taken  as  evidence  by  some  that 
diastase  is  present  free  in  the  blood.  Against  this  opinion,  amon^ 
others,  the  following  objections  have  been  raised. 

1.  Many  solutions  cause  hyperglycemia  when  so  injected. 

2.  In  most  cases  the  amount  of  starch  injected  can  not  account  for 
the  persistent  increase  in  the  sugar. 

3.  The  apparent  enzymotic  action  may  be  the  result  of  injury  and 
consequent  unnatural  liberation  of  enzyme. 

4.  That  the  action  is  due  to  Uving  cells  and  not  enzymes. 

In  reply  to  these  objections  we  may  say  that  so  far  as  we  have  found: 

1.  Colloidal  solutions — unless  they  are  sugar  formers — reduce  rather 
than  increase  the  blood  sugar,  when  injected  intravenously. 

2.  That  the  amount  of  starch  injected  may  account  for  the  rise  in 
sugar. 

3.  That  the  enzymotic  action  is  not  due  to  injury — because  injection 
of  water  and  other  injurious  agents  does  not  increase  the  enzyme  con- 
centration of  the  blood,  as  measured  by  v.  Hess'  method,  and  old  blood 
is  less  active  than  fresh,  and  becomes  still  less  active  with  time. 

4.  This  we  can  not  answer  satisfactorily  but  think  it  is  not  cell  action 
because  the  starch  paste  would  first  have  to  enter  the  cell,  which  is 
impermeable,  and  if  once  in  and  hydrolyzed,  we  know  of  no  normal 
instance  where  the  sugar  is  again  excreted  as  such,  but  instead  is  used 
by  the  cell.  The  enzyme  concentration  of  the  liver  is  less  than  the  blood, 
which  indicates  that  the  utilization  of  sugar  is  cellular  while  the  hy- 
drolysis of  starch  to  sugar  is  enzymotic. 

Essentials  of  v.  Hess'  method  to  compare  the  relative  strength  of 
diastase  in  solutions. 

1.  Solutions  required.  (1)  A  1  per  cent  soluble  starch  solution  which 
must  be  clear. 

(2)  A  0.002  per  cent  solution  of  iodine  made  when  needed  by  dilution 
of  a  freshly  prepared  1  per  cent  iodine  in  3  per  cent  KI. 
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The  determination  should  be  made  in  triplicate  at  37°C.  as  follows: 
Keep  all  solutions  in  a  water  bath  and  have  temperature  of  all  the 
same  before  mixing.  Place  10  cc.  of  the  starch  paste  in  &ach  of  three 
equal  sized  test  tubes.  In  each  test  tube  leave  a  separate  pipette  which  ' 
will  give  the  same  size  of  drop  in  each  case.  Place  1  cc.  of  the  solution 
whose  diastatic  strength  is  to  be  determined  in  each  of  the  test  tubes. 
Keep  the  time  exactly  and  test  for  the  disappearance  of  the  color  by 
placing  exactly  1  drop  of  the  digesting  mixture  on  a  white  test  plate 
and  add  to  it  exactly  1  cc.  of  the  iodine  solution.  Repeat  every  minute 
when  near  the  end  point.  By  this  method,  when  carried  out  aa  directed, 
the  relation  of  the  iodine  to  the  starch  is  not  varied  and  very  accurate 
results  can  be  obtained.  The  diastatic  content  of  the  blood  of  the  dog 
varies  but  very  little  from  day  to  day.  The  end  point  is  usually  reached 
in  about  thirty-five  minutes. 

The  action  of  pituitrin  on  the  mammary  gland.    W,  L,  Gaines. 

The  action  of  pituitrin  on  the  mammary  gland  was  followed  by 
observation  of,  first,  the  effect  on  milk  secretion,  and,Tsecond,  the  change 
in  internal  volume  of  the  gland.  In  the  volume  method  a  cannula  was 
inserted  in  the  teat  of  a  goat,  the  gland  inflated  with  air  and  connected 
with  a  manometer  recording  on  a  kymograph. 

Upon  intravenous  injection  of  pituitrin  the  active  gland,  milked  dry 
by  hand,  shows  an  abrupt  decrease  in  volume  and  increase  in  pressure, 
followed  by  a  gradual  return  to  the  initial  volume  and  pressure.  A 
repeat  dose  gives  a  similar  result.  This  repetition  excludes  milk  se- 
cretion as  a  possible  cause  of  the  volume  and  pressure  changes,  ance 
a  repeat  dose  causes  no  secretion  of  milk.  The  non-lactating  gland 
shows  no  response  on  injection  of  pituitrin,  and  this  is  true,  also,  when 
the  other  gland  of  the  pair  is  still  functional.  The  absence  of  any 
r^ponse  in  the  inactive  gland  excludes  vaso-motor  changes  as  a  possible 
cause  of  the  results  observed  in  the  case  of  the  active  gland.  Pituitrin 
causes  a  contraction  of  the  gland  musculature  when  the  gland  is  func- 
tional, but  has  no  effect  when  the  gland  is  inactive,  and  the  difference 
in  sensitiveness  of  the  gland  musculature  in  the  active  and  inactive 
gland  is  not  due  to  the  presence  or'  absence  of  any  particular  substance 
in  the  circulating  blood  stream. 

In  normal  nursing  of  the  dog  the  musculature  of  the  gland  is  involved 
and  is  excited  reflexly  by  the  nursing  of  the  pups,  so  that  the  rate  of 
secretion  is  at  first  slow,  increasing  to  very  fast,  then  decreasing  to  zero. 
At  the  zero  stage  pituitrin  causes  no  further  secretion.     The  refiex 
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mentioned  ia  partially  or  completely  inhibited  by  ether  anesthesia,  so 
that  the  nursing  pups  are  able  to  secure  only  a  small  portion  or  none  of 
the  normal  yield,  and  in  this  condition  injection  of  pituitrin  causes  an 
immediate  secretion  of  milk,  to  equal  the  normal  yield.  A  repeat  dose 
causes  no  further  secretion. 

In  the  goat  hand  milking  at  equal  time  intervals  gives  normally  a 
fluctuating  yield.  Injection  of  pituitrin  iramediately  following  a  low 
yield  causes  a  marked  further  secretion;  but,  following  a  high  yield 
it  causes  little  or  no  further  secretion.  The  effect  of  pitifitrin  on  milk 
secretion  upon  injection  immediately  following  natural  nursing  or  arti- 
ficial milking  is  dependent  on  the  efficiency  with  which  the  muscular 
mechanism  of  the  gland  has  been  brought  into  play  by  the  nursing  or 
milking  to  remove  the  accumulated  milk  from  the  gland. 

The  injluence  of  depancreatization  upon  the  slate  of  glycaemia  following 
the  iniraveTume  injection  of  dextrose  in  dogs.  I.  S.  Kleinbr  and  S.  J. 
Meltzer. 

In  former  experiments  (see  Proceedings  of  the  American  Physiological 
Society,  vol.  33,  1913,  p.  xxvii)  it  has  been  shown  that  after  the  intra- 
venous injection  of  large  amounts  of  dextrose  (4  g.  per  kilo)  into  dogs 
the  sugar  rapidly  disappears  from  the  blood  stream  so  that  after  IJ 
hours  after  the  end  of  the  injection  the  blood-sugar  falls  nearly  to  its 
ori^nal  figure.  In  the  present  experiments  the  same  procedure  was 
carried  out  on  completely  depancreatized  dogs.  In  these  cases  the 
blood-sugar  did  not  fall  to  its  original  value  or  near  it;  at  the  end  of 
1^  hours  it  f^as  on  the  average  more  than  twice  as  high.  The  following 
is  a  comparison  of  the  average  figures : 


Before 

iojeotion 

End  of 

I)  bouts 

%o[™ouitil5S5id 

Normal  (5) 

0.20 

0.79 

0.27 

>43 

Depanereati« 

d  (9)    0.38 

1.19 

■     0.86 

49 

(uncorrected    for 

"diabetic" 

flugar). 

A  similar  difference  was  observed  also  in  nephrectomized  dogs. 

It  is  claimed  by  some  investigators  that  the  glycaemia  following 
depancreatization  is  due  to  an  over-production  of  sugar.  It  is  evident 
that  the  hyperglycaemia  in  our  cases  of  depancreatization  can  not  be 
due  to  such  a  factor.     We  shall  not  discuss  here  whether  our  results 
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can  be  adequately  explained  by  the  aeaumption  that  the  removal  of  the 
pancreas  causes  a  decrease  in  the  consumption  of  dextrose  by  the  body 
tissues.  We  wish,  however,  to  indicate  that  some  of  our  facta  hint  at 
the  possibility  of  a  change  in  the  permeability  of  the  esdotheha  of  the 
circulatory  apparatus  as  a  factor  in  the  results  of  depancreatization. 

Recuperation.    Nitrogen  metabolism  of  a  man  when  ingesting  successively 

a  noTirprotein  and  normcU  diet  after  a  seven-day  fast.    F.  D.  Zeuan, 

Jekome  Kohn  and  Paul  E.  Howe. 

This  is  the  third'  of  a  series  of  experiments  concerned  with  changes 
in  metabolism  of  man  following  the  ingestion  of  food  after  a  fast.  In 
the  recuperation  periods  (4  day)  of  this  experiment  non-protein  and 
nonnal  diets  were  fed;  the  preliminary  and  final  diets  were  the  same. 
The  non-protein  diet  consisted  of  cane  sugar,  clarified  butter,  an  alkaline 
salt  mixture  and  agar  agar  having  an  approximate  daily  fuel  value  of 
3600  cal.  Determinations  were  made  of  the  body  weight,  and  the  ex- 
cretion of  water,  total  N,  urea,  ammonia,  creatine  and  creatinine  in 
the  urine.* 

The  excretion  of  the  various  urinary  constituents  followed  the  usual 
course  during  the  fast;  the  total  N  excretion  on  the  seventh  day  was 
approximately  if)  grams  and  creatine  appeared  on  each  day.  The 
ingestion  of  a  calorifically  sufficient  non-protein  diet  resulted  in  a  de- 
crease of  the  nitrogen  excretion  which  became  constant  on  the  third 
and  fourth  days.  Minimum  values  obtained  on  the  second  day 
of  feeding,  were  as  follows:  total  N  3.56  grams,  urea-N  1.59  gram, 
amraonia-N  0.54  gram,  creatinine-N  0.61  gram,  creatine-N  0.05  gram. 
A  relatively  high  ammonia-N  excretion  (0,72  gram,  17.4  per  cent,  of 
the  total  N)  occurred  on  the  third  day.  Normal  conditions  tended  to 
return  in  the  final  period  while  the  subject  was  retaining  nitrogen.  A 
lowered  absolute  and  relative  ammonia-N  excretion  was  observed. 

The  daily  nitrogen  excretion  through  the  feces  during  the  non-pro- 
tein period  was  0.50  gram.    * 

A  comparison  of  the  changes  in  body  weight  and  the  nitrogen  balances 
shows  an  increase  in  body  weight  during  the  non-protein  feeding  period 
accompanied  by  a  loss  of  nitrogen  while  the  reverse  occurred  in  the  final 
period.     The  initial  increase  in  weight  upon  the  ingestion  of  food  is  the 

'  The  first  two  experiments  were  reported  by  Howe,  Mattill  and  Hawk,  Jour. 
.Amer.  Chem.  Soc,  Si,  p,  568,  1911,  End  Howe  and  Hawk,  Proc.  Amer.  8oe.  Biol. 
Chem.,  2,  p.  65,  Jour.  Biol.  Chem.,  11,  p.  xxxi,  1912. 

'  Variatione  in  factors  associated  with  changes  in  the  urinary  acidity  are 
reported  in  another  connection. 
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result  chiefly,  of  the  retention  of  water  and  to  a  smaller  degree  of  non- 
nitrc^enouB  food  Bubstances. 

Apnoea  as  an  after-effed  of  pulmonary   disterdtdn,  and  its  dependence 

upon  the  wigue  nerves.     T.  S.  Githens  and  S.  J.  Mbltzesr. 

In  recent  years  the  conception  became  dominant,  due  especially 
to  the  investigations  of  Haldane  and  his  pupils,  that  apnoea  as  an 
after-effect  of  distension  of  the  lung  is  essentially  of  chemical  origin, 
due  to  a  reduction  of  carbon  dtoxid  in  the  blood  circulating  through  the 
respiratory  center;  this  has  been  designated  by  them  as  "true  apnoea," 
Furthermore,  it  was  recently  stated  that  there  is  no  experimental  evi- 
dence for  a  possible  claim  that  true  apnoea  could  depend  exclusively 
upon  the  intactness  of  the  vagus  nerves. 

Of  our  recent  investigations  of  this  subject  we  wish  to  mention 
here  the  following  three  facts  observed  by  us  (and  recently  demon- 
strated at  a  meeting  of  the  Society  for  Experimental  Biolc^y  and  Medi- 
cine). 1.  A  fairly  prolonged  characteristic  apnoea  follows  a  short 
distension  of  the  lui^  in  dogs  without  any  previorts  artiiicial  respiration. 
The  duration  of  the  apnoea  depends,  within  certain  Umits,  upon  the 
degree  of  pressure  used  for  the  distenmon  (Meltzer's  pleural  cannula 
was  used  for  the  graphic  presentation  of  respiration).  2.  The  same 
apnoea  after-effect  can  be  obtained  when  air  used  for  distention  of  the 
lungs  contains  5  per  cent  COj.  3.  No  such  apnoea  after-aSect  can  be 
obtained  after  both  vagus  nerves  axe  cut.    . 

These  experiments  demonstrate  that  the  mere  distension  of  the  nerve 
endings  of  the  pulmonary  vagus  without  the  aid  of  a  chemical  factor 
(acapnia)  is  capable  of  producing  a  prolonged  apnoea  as  an  after-effect 
of  the  mechanical  stimulus.  The  restriction  of  the  term  "true  apnoea" 
to  a  condition  produced  exclusively  by  chemical  changes  does  not  seem 
to  be  well  founded. 

Experimental  hyperikyroidiam.    W.  B.  Cannon,  C,  A.  L.  Bimgbr  and 

R.  FiTZ. 

Interest  in  the  bodily  changes  during  or  following  emotional  excite- 
ment led  us  to  enquire  concerning  the  nature  of  certwn  diseases  often 
reported  as  having  emotional  origin.  We  proceeded  on  the  theory  that 
repeated  emotional  experiences  might  lower  a  naturally  high  neurone 
threshold  and  thus  result  in  frequent  stimulation  of  parts  which  nor- 
mally are  only  occasionally  roused  to  special  activity.  To  test  the  effect 
of  over  stimulation  two  of  us  (W,  B.  C.  and  C.  A.  L.  B.)  fused  in  the  cat 
the  anterior  root  of  the  right  phrenic  nerve  with  the  right  cervical 
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sympathetic  cord.  Thus  after  r^eDcration  had  occurred,  there  was 
delivered  to  neurones  in  the  superior  cervical  ganglion  a  volley  of  im- 
pulses every  time  the  animal  breathed.  The  operations  were  performed 
early  in  May.  In  October  four  of  six  animals  were  still  ahve.  All  had 
peculiar  symptoms.  There  was  marked  tachycardia — the  average 
heart  rate  in  36  observations  on  normal  cats  was  165,  in  30  observations 
on  these  animals  it  was  222.  Though  fed  like  normal  animals  they  had 
loose  movements  of  the  bowels.  They  suffered  from  falling  of  the  hair 
from  the  neck  and  back,  and  they  acted  as  if  afflicted  with  pruritus  of 
the  head  and  toes.  They  were  .unusually  excitable,  as  indicated  by 
rushing  away  when  taken  in  hand  or  petted.  One  of  us  (R.  F.)  has 
studied  the  basal  metabolism,  and  found  that  the  average  heat  loss  per 
kilo  per  24  hours  in  normal  adult  cats  is  44  calories;  in  three  of  the 
four  experimental  animals  it  was  66  calories,'  and  in  one  (in  all  ways  the 
most  profoundly  altered  animal)  it  was  112  calories — an  increase  over 
the  normal  of  more  than  150  per  cent.  This  animal,  after  very  rapid 
loss  of  weight,  has  died.  At  autopsy  the  adrenal  glands  were  found 
nearly  three  times  the  average  weight.  In  dim  light  the  pupil  in  these 
animals  was  lai^er  on  the  operated  side,  and  in  one  of  them  exopthalmos 
and  respiratory  bippus  have  developed  on  that  side.  These  symptoms 
are,  in  the  main,  chwacteristic  of  exophthalmic  goiter,  as  seen  in  man. 
The  observations  on  these  four  animals  is  preliminary  to  a  more  ex- 
tensive study  of  the  subject.  The  method  of  using  the  phrenic  as  a 
source  of  stimuli  is  now  being  applied  not  only  to  the  thyroid  gland  but 
also  to  other  organs  innervated  by  the  autonomic  system.  We  have 
plajmed  a  series  of  studies  on  overaction  of  the  autonomic,  to  be  carried 
out  by  use  of  this  method. 

Oxidation  in  the  erythrocytes  of  the  goose.    J.  F.  McClendon. 

The  oxidative  coloring  of  leucobases  by  erythrocytes  was  increased 
on  laking,  due  to  mixing  of  oxyhaemoglobin  with  the  leucobase.  (See 
my  paper  on  oxyhaemoglobin  below). 

Colorimetric  methods  in  general  use  for  measuring  intracellular 
oxidations  were  discarded,  since  oxyhaemoglobin  was  found  to  oxidise 
many  of  these  substances.  The  erythrocytes  (in  Ringer)  were  shaken 
with  air  in  a  flask  connected  with  a  water  manometer,  and  immersed 
in  a  thermostat.  The  oxygen  absorbed  was  equal  to  the  oxygen  used  ■ 
by  the  cells  (since  the  haemoglobin  was  saturated  with  d  at  .the 
beginning), 

'  The  metabolism  of  one  of  the  three  has  since  gradually  risen— 77,  87,  08, 
109,  103  calories — with  corresponding  loss  of  weight. 
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Numerous  experiments,  made  under,  a  great  variety  of  conditions 
to  determine  whether  induction  shocks  increase  intracellular  oxidations, 
failed  to  show  such  increase.  If  induction  shocks  affect  the  cells 
physiologically,  it  is  probable  that  strong  shocks  affect  them  more  thaa 
weak  ones.  It  was  found  that  the  electric  conductivity  was  slightly 
increased  by  strong  shocks,  without  laking  any  of  the  cells.  This 
suggests  that  one  might  obtain  an  increased  coloring  of  a  leucobase 
by  erythrocytes  subjected  to  the  shocks,  since  the  increased  permea- 
bility might  allow  the  leucobase  to  reach  the  oxyhaemoglobin  more 
rapidly.     Such  a  result  was  obtained  by  R.  Lillie. 

In  the  oxidation  experiments,  the  manometer  readings  are  greatly 
affected  by  changes  in  temperature  and  barometric  pressure.  In  order 
to  equalize  these,  a  ^rass  tube  2  m.  long  and  7  mm.  bore  was  coiled  in 
the  thermostat  and  connected  with  a  Marey's  tambour,  the  platinum 
pointer  of  which,  dipping  in  mercury,  made  and  broke  a  heat-controlling 
electric  circuit.  Readings  were  made  in  this  "barostat, "  whereas  the 
oxidation  took  place  in  a  thermostat  independent  of  temperature. 
The  "barostat"  was  sensitive  to  a  thousandth  of  a  degree,  but  might 
change  Q"  due  to  change  in  barometric  pressure. 

The  increase  in  permeabilily  of  the  frog's  egg  at  the  beginning  of  develop- 
ment as  determined  with  the  nephetomeler.  J.  F.  McClendon. 
Three  years  ago,  I  observed  that  the  unfertilized  frog's  egg  could 
be  made  parthenogenctic  by  a  momentary  electric  shock,  and  gave 
reasons  for  supposing  that  the  electric  shock  (or  the  spermatozoon  in 
normal  fertOization)  increased  the  permeability  of  the  egg.  Recently, 
I  proved  this  supposition  to  be  correct.  The  permeability  of  the 
unfertilized  egg  to  NaCl  was  found  to  have  increased  on  stimulating 
the  egg  with  an  electric  shock  (which  caused  it  to  begin  normal 
development). 

Several  methods  were  tried  for  the  quantitative  estimation  of  sodium 
ions,  but  the  results  with  such  smalt  quantities  would  not  be  considered 
trustworthy  had  they  not  tallied  with  the  more  certain  results  on  the 
determination  of  chlorine  ions  with  the  nephelometer. 

Lot  1  was  stimulated  by  an  electric  shock  from  clean  platinum 
electrodes  (in  about  one  minute  all  of  the  eg^  had  turned  the  black 
pole  upward;  23  hours  later  first  cleavage  began)  and  lot  2  used  as  a 
control.  Twenty  cubic  centimeters  of  HjO  were  added  to  each  lot  and 
at  the  end  of  one  hour  this  water  was  analyzed.  There  was  more  Na-|- 
and  CI—  in  the  water  from  the  stimulated  eggs  than  in  the  control. 
Whether  this  increase  in  permeability  is  the  cause  of  development  has 
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not  been  determined.  It  is  not  restricted  to  the  fn^'s  egg,  however, 
since  I  found  the  same  true  of  the  sea  urchin's  egg,  a  fsict  which  has  been 
confirmed  by  Gray,  at  Plymouth. 

The  unfertilized  frog's  e^  placed  in  tap  water  or  distilled  water  con- 
tinues to  swell  until  death  ensues.  This  death  is  probably  caused  by 
the  swelling  and  the  latter  by  the  osmotic  pressure  of  the  soluble  sub- 
stances contained  within  it.  The  increased  permeability  allows  the 
escape  of  NaCl  and  lowers  the  internal  osmotic  pressure,  thus  retarding 
the  swelling  and  preserving  the  life  of  the  egg. 

Rome  experiments   on   the   oxidising  power   of  oxyhaemoglobin.     J.   F. 

McClendon. 

Many  leucobases  +  HjOi  are  colored  on  the  addition  of  blood  pig- 
ments, but  some  of  these  bases  are  oxidised  on  the  addition  of  dog's 
erythrocytes,  in  the  absence  of  HjOi,  especially  if  the  solution  is  sightly 
more  alkaline  than  the  blood.  Alpha-napthol,  aloin,  or  paraphenyl- 
endiamide  is  colored  rapidly — -benzidine  or  guaiac,  not  so.  The  same 
oxidising  power  is  possessed  by  oxyhaemoglobin,  re  crystallised  five  times, 
so  it  is  not  due  to  so  called  "oxidases"  as  an  impurity.  Methaemoglobin 
recrystallised  seven  times,  oxidised  these  substances. 

Some  measurements  were  made  with  the  Dubosque  colorimeter,  on 
the  rate  of  oxidation  of  Vernon's  "substrate"  (tJ-t  normal  alpha  napthol 
and  pai^phenylendiainide,  slightly  alkaline).  Solutions  of  dog's 
erythrocytes,  oxyhaemoglobin  crystalized  five  tunes  and  methaemo- 
globin crystallized  seven  times  were  made  up  to  be  equivalent  to  5  per 
cent  of  blood.  These  solutions  were  mixed  with  equal  volumes  of  sub- 
strate and  studied  in  pairs,  with  an  arrangement  to  compensate  for  the 
difference  in  color  of  the  blood  pigments.  The  solution  of  erythrocytes 
did  not  oxidise  the  "substrate"  faster  than  the  oxyhaemoglobin  or  the 
methaemoglobin. 

We  thus  see  the  necessity  of  removing  the  last  traces  of  blood  pigments 
in  studying  the  so-called  "oxidases"  colorimetrically. 

It  is  a  recorded  fact  that  blood  charcoal  oxidises  oxalic  acid  to  COj 
and  HiO,  whereas  other  charcoal  is  less  effective,  or  not  at  all.  This 
might  be  due  to  the  presence  of  iron  and  adsorption  surfaces.  Since 
Warburg  has  shown  that  adsorption  plays  a  r61e  in  the  oxidative  power 
of  oxyhaemoglobin,  we  might  expect  that  the  blood  pigment  would 
behave  differently  inside  and  outside  of  the  corpuscle,  since  it  is  too 
concentrated  within  the  corpuscle  to  exist  in  simple  aqueous  solution  and 
probably  has  a  different  aggregation  state  which  would  affect  adsorption. 
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Lactic  acid  and  sugars  are  not  oxidised  to  CC^  and  H]0,  by,  blood 
charcoal  or  by  oxyhaemoglobin. 

The  harmful  effect  of  a  vegetabU  diet.    Carl  Vobgtlin. 

Feeding  experiments  with  natural  vegetable  foods  in  monkeys, 
white  mice  and  rats,  hogs,  and  fowls  are  reported  with  the  following 
results:  (1)  An  exclusive  diet  of  cereals  of  good  quality  such  as  wheat, 
com,  barley,  oats,  millet,  etc.,  is  injurious  to  some  mammalia  and  leads 
sooner  or  later  to  the  death  of  these  animals.  (2)  An  exclusive  diet 
of  some  fresh  vegetables,  such  as  carrots,  Irish  potatoes  and  sweet 
potatoes  has  the  same  effect.  (3)  Legumes  such  as  beans  And  peas 
seem  to  be  insufficient  for  the  maintenance  of  life  if  fomling  the  only 
diet  of  mice  and  rats.  (4)  Fresh  beef,  ox  liver,  eggs  and  milk,  if  added 
in  sufliicieiit  amounts  to  the  vegetable  food  will  protect  the  health  of 
these  animals.  (5)  A  mixed  vegetable  diet  composed  of  cereals,  legumes 
and  fresh  vegetables  is  inadequate  for  the  maintenance  of  life  in  mice 
and  certain  other  maminalia.  (6)  Fowls  can  live  in  perfect  health 
for  a  long  period  on  an  exclusive  diet  of  com,  wheat  and  other  cereals. 
They  die  if  put  on  an  exclusive  diet  of  com  oil  cake  meal  (absence  of 
certain  vitamines).  In  those  animals,  which  finally  died  as  a  result 
of  an  exclusive  vegetable  diet,  symptoms  were  noticed  pointing  to  a 
pathological  condition  of  the  central,  nervous  system  and  the  alimentary 
canal  (paralysis,  strychnine-like  convnlsioDS,  diarrhoea  or  constipation). 
Marked  histological  changes  were  found  in  the  organs  of  these  animals. 
The  addition  of  extracts  of  beef  liver  and  yeast  (vitamines)  to  the  vege- 
table diet  does  not  seem  to  have  any  effect  on  the  occurrence  of  patho- 
Ic^cal  symptoms  and  subsequent  death  of  the  animals.  When  certain 
inorganic  salts  (calcium  and  sodium  phosphate)  are  added  to  the  com 
diet,  the  life  of  the  animals  (mice)  ia  very  much  prolonged.  Our  pres- 
ent knowledge  of  the  nutritive  value  of  most  of  the  natural  vegetable 
foods  is  very  limited.  The .  reported  experiments  demonstrate  the 
inadequate  composition  of  these  foods  and  the  harmful  effect  they  may 
produce  in  animals  if  fed  exclusively.  That  a  mixed  diet  composed  of 
both  vegetable  and  animal  foods  is  undoubtedly  less  apt  to  be  harmful 
under  normal  conditions  is  well  demonstrated  by  everyday  experience. 

The  path  of  conduction  between  Ihe  sino-auricular  and  the  auricuUMieniric- 

vlar  nodes.    J.  A.  E.  Etstbr  and  W.  J.  Mee;,e. 

All  recent  work  seems  to  show  that  in  the  normal  cardiac  cycle 
electrical  negativity  is  first  to  be  observed  in  the  sino-auricular  node. 
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A  few  hundredths  of  a  second  later  the  same  condition  becomes  manifest 
in  the  auriculo-ventricular  node.  The  work  here  reported  has  been 
an  attempt  to  find  the  path  by  which  this  wave  of  negativity  passes 
from  one  node  to  the  other.  Our  methods  have  been  electrical  and  have 
consisted  in  determining  by  string  galvanometers  the  actual  and  rel- 
ative times  at  which  various  regions  of  the  supraventricular  parts 
entered  into  activity. 

In  the  Erst  series  of  experiments  differential  electrodes  of  a  modified 
Clement  type  were  placed  on  the  S-A  node,  the  body  of  the  right  auricle 
and  on  the  A-V  node.  It  was  found  that  in  many  cases  the  A-V  node 
became  active  before  the  body  of  the  auricle  and  that  in  the  cases  in 
which  the  reverse  was  true  the  time  interval  was  apt  to  be  very  short. 
In  reversed  rhythms  the  S-A  node  was  often  negative  before  the  auricle. 
These  results  have  been  interpreted  to  mean  that  conduction  between 
the  two  nodes  is  not  usually  at  least  by  way  of  the  right  auricle. 

In  a  second  series  of  experiments  a  double  circle  of  points  around 
the  S-A  node  were  carefully  compared  with  each  other  to  find  which 
first  showed  negativity.  The  rule  is  almost  invariable  that  the  venous 
side  shows  activity  before  the  auricular.  The  region  most  often  show- 
ing negativity  soonest  after  the  node  itself  is  an  area  immediately 
adjoining  the  head  of  the  node  on  the  venous  side. 

In  a  third  series  the  differential  electrodes  were  placed  as  at  first- 
and  then  various  cuts  and  ties  were  made  around  the  S-A  node.  In- 
terrupting tissue  connections  between  the  S-A  node  and  the  auricle 
always  delayed  sino-auricular  conduction  time  but  it  had  no  other 
effect  on  the  heart,  Tieing  the  bundles  of  tissue  which  run  off  from 
the  end  of  the  sulcus  terminalia  was  without  effect.  Each  interruption 
of  tissue  on  the  venous  side  without  exception  delayed  the  conduction 
time  between  the  S-A  and  A-V  nodes.  More  than  one  cut  was  apt  to 
produce  auriculo-ventricular  rhythm. 

Our  results  seem  to  indicate  that  the  path  of  least  resistance  between 
the  upper  and  lower  auricular  regions  of  specialized  tissue  lies  on  the 
venous  side  of  the  S-A  node  and  does  not  involve  the  body  of  the  right 
auricle.     So  far  as  can  be  told  at  present  this  path  is  probably  a  diffuse 


The  melabolism  of  Ike  resting  nerve  and  its  correlation  toith  the  direction 

and  Tate  of  nerve  impulse.    Shiro  Tashiro. 

There  is  a  gradient  of  carbon  dioxide  production  in  the  unstimulated 
nerve.    This  gradient  of  chemical  condition  is  parallel  to  the  direction 
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of  the  normal  nerve  impulse,  and  not  to  the  direction  of  development 
of  the  fiber  from  the  nerve  cell.  Many  experiments  made  on  various 
kinds  of  "pure"  nerve  fibers,  includii^  sensory  dendrites,  enable  us  to 
generalize  this  by  saying  that  the  norrfial  nerve  impulse,  in  the  resting 
nerve,  passes  toward  a  point  of  lower  carbon  dioxide  production. 

There  seems  to  be  a  close  relation  between  the  rate  of  nerve  impulse 
and  the  production  of  carbon  dioxide  in  the  resting  nerve,  if  one  com- 
pares corresponding  nerves  from  different  animals.  The  data  for  such 
a  generalization  must  necessarily  be  cumulative.  The  hmited  data 
we  have  secured  indicate  that  the  nerve  which  gives  off  more  carbon 
dioxide  in  the  resting  state  conducts  the  nerve  impulse  more  quickly.' 

There  are  several  conditions  which  affect  the  rate  of  nerve  conduction, 
e.g.,  temperature  and  change  in  concentration  of  electrolytes  in  a  solu- 
tion surrounding  the  nerve.  Mayer  found  that  the  rate  of  nerve  con- 
duction in  the  subumbrellar  regions  of  Medusa  Cassiopeia  increases 
about  5  per  cent  in  sea  water  diluted  with  distilled  water  (9:1),  while  it 
decreases  50  per  cent  in  50  per  cent  sea  water.  By  substituting  0.9  mo- 
lecular dextrose  for  distilled  water  he  demonstrated  that  the  change  in  the 
rate  of  nerve  impulse  in  diluted  sea  water  is  not  due  to  the  decrease  in 
osmotic  pressure,  but  to  the  change  in  concentration  of  the  electrolytes. 
If,  under  these  conditions  which  decrease  the  rate  of  the  nerve  impulse,  a 
measurement  of  carbon  dioxide  production  is  made  on  a  thin  layer  of  re- 
generatit^  ectoderm  tissue  before  the  muscle  regenerates,  we  find  that 
there  is  a  parallelism  between  the  rate  of  nerve  conduction  and  carbon 
dioxide  production. 

The  temperature  coefficient  of  velocity  of  the  nerve  impulse  is  known 
to  be  greater  than  that  of  most  purely  physical  processes.  We  find 
that  the  temperature  effect  on  carbon  dioxide  production  from  non- 
stimulated  nerves  (the  claw  nerve  of  the  Limulus)  is  of  about  the  same 
magnitude  as  that  of  the  velocity  of  the  nerve  impulse.' 

These  facts  seem  to  indicate  that  there  is  a  definite  relation  between 
the  metabolism  (as  measured  by  carbon  dioxide  production)  in  the  rest- 
ing nerve  and  functional  activity  in  the  nerve  fiber,  including  the  direc- 
tion and  rate  of  the  nerve  impulse. 

^  Tija  reason  why  these  relatioiu  will  not  hold  if  we  compare  non-medullated 
with  medullated  fibers  will  be  published  later. 

■  I  must  add  here  that  the  temperature  coefficient  of  the  velocity  of  nerve 
impulse  in  the  claw  nerve  of  Limulus  has  not  yet  been  worked  out. 
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FEEDING  EXPERIMENTS  ON  RATS 

III.  A  FtTBTHBR  Contribution  to  the  Knowledge  of  Organs 
With  an  Internal  Secretion 

j.  f.  gudernatsch 

DeparlmetU  of  Anatomy,  Cornell  Univertit)/  Medical  College,  New  York  City 
Received  for  publication  January  9,  1916 

A  series  of  experiments  is  being  carried  on  in  this  laboratory 
to  study  the  influence  upon  growth  and  development  of  the 
various  internally  secreting  glands.  These  glands  are  being 
fed  to  white  rats  in  stated  portions,  at  regular  intervals. 

The  experiments  have  not  proceeded  far  enou^  to  m^e  a 
detailed  report  on  the  effect  of  all  tiie  organs  used.  Here  merely 
a  preliminary  account  of  some  observations  on  the  thyroid  treated 
animals  wilt  be  given. 

Fresh  beef  thyroid  was  used  and  given  in  portions  small  enough 
to  keep  the  animals  in  fairly  good  health.  In  the  earlier  experi- 
ments too  large  a  dose  of  thyroid  had  been  given,  5  g  a  week, 
so  that  the  animals  very  soon  showed  all  the  well-known  signs  of 
hypeothyroidism  usually  leading  to  death.  The  dose  was  gradu- 
ally cut  down  to  1  g  a  week,  in  other  experiments  to  1  g  in  5 
days.  Even  with  such  small  doses  the  symptoms  of  hyperthy- 
roidism were  sometimes  slightly  noticeable,  however,  the  animals 
kept  so  well  that  they  were  able  to  produce  offspring.  After 
the  dose  of  thyroid  had  been  cut  down  considerably,  the  animals 
not  only  bred,  but  the  young  were  also  strong  enough  to  keep 
aUve. 

In  the  following  list  four  matings  will  be  described  in  detail, 
the  offspring  of  which  are  still  Uving. 
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I.  <^tX  91' 

BISTORT  OF  FATHER 

Bom  July  21,  1913. 

Thyroid  feeding  b«gui  January  6,  1914. 

1.  Mating:  J(  X  9  ( 1/26-2/16*  1914;  died;  no  pregnancy. 

2.  Mating:  cff  X  9(2/19-3/10,  1914;  9  died;  no  pregnancy. 

3.  Mating:  (ft  X  9(3/21-5/15,  1914;  no  pregnanoy. 
Thyroid  feeding  stopped  5/15,  1914. 

4.  Mating:  cf t  X  9 n 5/15-6/8,   1914.    10  young  6/10.    Frail,  died  within  s 


Bom  December  31,  1914. 
Thyroid  feeding  began  3/24,  1914. 
Thyroid  feeding  stopped  6/10,  1914. 

Final  maiing  which  gave  living  o^epring 
eft  X  9  ( 0/12-7/6,  1914.    3  young  bora  7/9,  1914.    Young  are  living  now. 
They  are  much  smaller  (figs.  1,  2}  than  the  normal  rats  of  the  same  age  (fig.  3). 
Atthe  age  of  152  dayethey  weighed  97  g,  101  g,  190  g  resp.    Normal  rats  of  this 
age  weigh  from  150-220  g. 


(a)  While  under  treatment  the  father  was  bred  unauccessfully  to  3  treated  9 . 

(b)  After  discontinuation  of  the  thyroid  treatment  the  father  was  bred  to  a 
non-treated  9.    10  young  were  bom  after  26  days,  alt  sofrail  that  they  died  within 

(c)  One  month  after  the  thyroid  treatment  had  stopped,  the  father  was  bred 
to  the  mother,  the  thyroid  treatment  of  which  ceased  on  the  mating  day.  The 
results  were  3  undersiied  young  born  54  days  after  the  father  and  29  days  after 
the  mother  had  rooeived  the  last  dose  of  thyroid. 

In  this  case  father  and  mother  received  thyroid  b^ore  mating. 

11.  d'tX  9  ft. 


Born  January  2S,  1914. 

Thyroid  feeding  began  3/24,  1914. 

Thyroid  feeding  stopped  6/10,  1914. 


Bom  February  26,  1914. 
Normal  feeding. 

'  t  ~  treated,     n  —  normal. 

*  1/26-2/16  means:   ^  and  9   were  kept  togethsr  from  January  26  until 
February  10. 
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final  mattjtg  which  gaee  livinu  offtprinu 
(ft  X  9ne/12-7/e,  1914.    4  young  bom  July  10,  1914.    2  young  died  after  3 
days;  2  young  living,  underaiiod  (figs.  4,  5). 


The  father  immediately  after  the  thyroid  treatment  had  ceased,  was  bred  to 
th«  non-treated  mother.  4  young  were  bom  30  days  after  the  last  thyroid  dose 
had  been  given.    2  young  died  soon,  2  undersized  ones  are  living. 

In  this  case  the  father  only  received  thyroid  b^ore  mating, 
in.  V  (  X  d-n. 

HISTORY  OF  PATHBR 

Born  December,  ^913. 
Normal  feeding. 

HISTORY   OF   HOTHBR 

Bought  November,  1913,  about  3  months  old. 
Thyroid  feeding  started  1/6,  1914. 
1.  Mating  <3t  X  (ft  3/21-4/15,  1914;  no  pregnancy. 
Thyroid  feeding  stopped  5/16,  1914. 

Final  TOatinj  whick  gape  titring  ofigpring 
9  (  X  o"n  5/16-9/6,  1914.    6  young  bom  9/6,  1914.     2  young  die  10/13,  1914. 
lliving,smallaise(flgs.9,7,8)coutrol  figure  9.    Attheageof  94  days  they  weighed 
46, 50,  68, 83  g  reap.    Normal  rats  of  this  age  weigh  from  120-150  g. 


(a)  While  under  treatment  the  mother  was  bred  unsuccessfully  to  a  treated  if. 

(b)  The  treated  mother  iounediately  after  the  thyroid  treatment  ceased 
was  bred  to  the  non-treated  father.  6  young  were  bom  113  days  after  the  last 
thyroid  dose  had  been  given.    4  young,  smaller  than  the  normal,  are  living. 

In  this  case  the  mother  only  received  thyroid  b^ore  mating. 
She  required  three  months  to  recover  from  the  thyroid  influence. 
IV.  c?(  X  ?n. 


Bom  July  24,  1913. 

Thyroid  feeding  started  3/21,  1914. 
1.  Mating  c^£  X  9t3/21~5/16,  19U;no  pregnancy. 
■     Thyroid  feeding  stopped  5/15,  1914. 

HISTORY   OF  MOTHER 

Bom  May  26,  1914. 
Normal  feeding. 
1.  and  2.    Mating^:  Bred  to  two  Rormsl  males  successively.    6  yom^  and  8 
young. 


dbyGoogIc 


PESDINO  EXPERIMENTB  ON  RA.TO  373 

Final  mating  which  goM  living  offspring 
<ftX  SnS/lS-9/10,  1914.    3  youns  bom  September  10,  1914.    Vnderaited. 
At  the  age  of  90  dftyi  they  weighed:  52,  63,  99  g  resp.    Noraial  rats  at  thia  ag« 
weigh  from  120-160  g. 

BCHIUBT   OF  OABX    IT 

(a)  While  under  treatment  the  father  waa  bred  uoaucceasfully  to  a  treated  9 . 

(b)  The  normal  mother  waa  bred  auccessfully  to  2  normal  cf. 

(c)  The  treated  father  immediately  after  the  thyroid  treatment  had  ceased 
waa  bred  to  the  normal  mother. 

.  3  young  were  bom  117  daj^  after  the  lost  thyroid  dose  wae  given. 

In  this  case  the  father  only  received  thyroid  before  mating. 
He  required  three  months  to  recover  from  the  thyroid  influence. 

To  this  list  must  be  added  a  number  of  cases  in  which  young 
were  bom  alive,  but  died  after  puberty, 
y.  <ftx  9n. 

HIBTOar  OP  FATHER 

Bought  January,  1913.    About  3  months  old. 
Thyroid  feeding  started  January  13,  1913. 
1.  Mating:  tfl  X  ?  14/7-1/28,  1913;  no  pregnancy. 


Bought  January,  1013.    About  3  months  old. 
Normal  feeding. 

Final  mating  which  gave  offspring 
(f  (  X  8  n  4/7-4/28,  1913.    5  young  bora  5/1,  1913. 

HISTOBT  OP  THB  TOUHQ 

Bom  May  1,  1913. 

1.  Young  died  after  9  daya.    Very  frail. 

4  other  young  started  on  thyroid  diet  October  30,  1913.  They  were  all 
undersiied  and  rather  feeble.  One  dragged  the  hind  legs.  When  84  days  old 
they  weighed:  57  g,  58  K,  60  g,  66  g,  reap.  Nonnal  rats  at  this  age  weigh  trcan 
110-140  g. 

2.  Young  died  November  10,  1013. 

3.  Young  died  December  3,  1913. 

4.  Young  died  December  5,  1913. 

5.  Young  died  December  21,  1913. 

buWWaby  op  cabb  y 

(a)  While  under  treatment  the  father  waa  bred  succesafully  to  a  treated  9 . 

(b)  While  under  treatment  the  father  waa  bred  to  the  non-treated  mother. 

5  young  were  born  24  days  after  mating.    1  died  9  days  old,  4  frful  and  un- 
dersiied  lived  several  months. 
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lo  this  case  the  father  only  received  thyrmd  np  to  the  tame  d 
mating. 

VI.  <?iX  9t. 

BIBTOBT  OF  FATBKB 

Bou^t  JanoAry,  1913.    About  3  ■dobUib  old. 
Thyroid  feedLof  started  Jannafy  13,  1913. 

1.  Mating:  <f(  X  91)4/7-4/28,  1913;  no  preKnaney. 

2.  Matittg:  <ft  X  9  n  4/7-4/28,  1913.    5  young  5/1,  1913  (case  T). 

Final  mating  lehich  goM  offipring 
d't  X  9  (,5/26-0/14,  1913. 

(Female  in  this  aucceSBf  ul  mating  is  the  same  as  in  the  first  unsuceeeshil  ntating) . 
Thyroid  feeding  stopped  June  26,  1913. 


Bought  January,  1913.     About  3  months  old. 
Thyroid  feeding  started  January  13,  1913. 
1.  Mating;   9  (  X  cf  d  4/7-4/28,  1913;  no  pregnancy. 

Final  mating  which  gaee  offspring 
<ft  X  (fd  6/26-9/14,  1913. 
Thyroid  feeding  stopped  6/28,  1913. 

BISTOBT  OP  THE  TODMO 

7  young  bom  September  14,  1913.    Very  frail  and  undersised.    These  young 
were  started  on  thyroid  October  31,  1913. 

2  die  >foTember  10,  1613. 

3  die  November  12,  1913. 
2  die  November  15,  1913. 

SUMNARi'    or  CASE   VI 

(a)  While  under  treatment  the  father  was  bred  unsuccessfully  to  the  treated 
mother. 

(b)  While  under  treatment  the  father  was  bred  to  anon-treated  9  (seecaseV). 
{e)  The  treated  father  and  treated  mother  (under  a)  were  again  mated.     The 

thyroid  treatment  ceased  31  days  after  mating. 

7  young  were  bom  SI  days  after  the  last  thyroid  dose  was  given. 

The  treated  parents  required  two  months  to  recover  from  the 
thyroid  influence. 


Bom  July  21,  1913. 

Thyroid  feeding  started  January  6,  1914. 
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1.  Mftting:  £?(  X  91 1/38-2/16,  1914;  no  pregnancy. 

2.  Mating:  t?lX  9i  2/16-3/10,  1914;  no  pregnancy. 

3.  Mating;  cTt  X  9(3/21-6/15,  1B14;  no  pregnancy. 
Thyroid  feeding  stopped  May  15,  1914. 

Pinal  maiinff  which  gave  offtpriitg 
cPi  X  V  n  6/15-6/9,  1914,     10  young  bom  6/10,  1914.    All  die  during  June. 


(a)  While  under  treatment  the  father  was  bred  unsucceesfutly  to  3  treated  9  • 

(b)  The  treated  father,  the  thyroid  treatment  of  which  ceaaed  on  the  mating 
day,  was  mated  to  the  non-treated  mother. 

10  young  were  bom  26  days  after  the  last  thyroid  doae  was  given.    All  diod 
within  2  weeks. 

In  this  case  the  father  only  received  thyroid  before  mating. 

VIII.  fflXd-n. 

HIBTOST   or   FATHER 

Bom  May  26,  1913. 
1  aad  2.  Matings :  (f  bred  to  2  normal  femalea  eucceasfully.    6  and  7  young. 

UiarOBY  OF  UOTHRB 

Bom  July  21,  1913. 

1.  Mating:  Bred  to  a  normal  male.    6  young  bom  1/26,  1914.    Thyroid  feed- 
ing started  March  21,  1914. 

2.  Mating:  91X  <?t  3/21-6/15, 1914;  no  pregnancy. 
Thyroid  feeding  stopped  May  16,  1914. 

Final  mating  which  gape  o^epring 
91  X  d"n  6/15-10/14,  1914. 
5  young  bom  10/14, 1914,  all  eaten  up  by  10/19, 1914. 


(a)  The  non-treated  father  was  bred  aucceasfully  to  2  non-treated  9 . 

(b)  Before  thyroid  treatment  began  the  mother  too  was  bred  auceesefully  to 
a  non-treated  cf . 

(c)  While  under  treatment  the  mother  was  bred  unsuccessfully  to  a  treated  cf  ■ 

(d)  Finally  the  treated  mother,  immediately  after  the  thyroid  treatment  had 
ceased,  was  bred  to  the  non-treated  father. 

5  young  were  bom  151  daya  after  the  last  thyroid  dose  was  given. 

In  this  case  the  mother  only  received  thyroid  before  mating. 
She  required  over  four  months  to  recover  from  the  thyroid 
influence. 

These  eight  cases  reported  here  as  well  as  numerous  others  of 
which  the  detailed  history  cannot  be  given  leave  no  doubt  that  th; 
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excess  of  thyroid  in  the  system  greatly  interferes  with  the  breeding 
qualities  of  the  animals.  Twenty-four  matings  in  which  both 
the  parents  were  treated  resulted  in  failure,  2  in  which  the  male 
alone  had  been  treated  and  4  in  which  the  female  alone  received 
thyroid  food,  all  in  all  30  matii^.  Yet  out  of  these  14  mates, 
7  had  been  tested  and  given  offspring  previously  to  the  treat- 
ment, and  out  of  the  16  females  9  had  been  tested  and  foimd  fertile. 
In  a  niunber  of  cases  the  female  died  before  pregnancy  began 
or  before  a  live  litter  was  bom.  The  length  of  time  these  females 
were  kept  with  the  males  is  given  in  the  following  table: 


Thyroid  pven  after  mating. 


No  thyroid  given  after  mating. 


1.  9  dies  after    2  days 

2.  9  dies  after    2  dayB 

3.  9  dies  after   Tdayal 

4.  9  dies  after  19  days 
6.  9  dies  after  21  days)    no  pi 

6.  9  dies  after  21  days 

7.  9  dies  after  38  days] 

8.  9  dies  after  67  days 

6  fetuses 

9.  9  dies  after  67  days 

7  fetuses 

10.  9  dies  after  107  days 

pregnant 

11.  9  dies  after  112  days 

pregnant 

The  continuation  of  this  table  gives  the  time  that  elapsed 
between  mating  and  birth  of  live  litter: 

12.  Young  bom  after  24  days 
9  Ttormal 
All  die  early 

13.  Young  bom  after  26  days 
9  Tiormal 
All  die  within  two  weeks 

14.  Young  bom  after  27  days 
d'  fed  on  normal  food  full  month 

previous  to  mating 
9  fed  on  thyroid  2  months  only 
16.  Young  bom  after  28  days 
9  Bormal 
2  die  within  a  week 


No  thyroid  given  after  mating. 


16.  Young  bom  after  110  days 
*       87  days  after  thyroid  treatment 


Thyroid  feeding  oontinued  for  33  days 
after  mating. 
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17.  Young  born  after  113  days  1 
d"  normal  \ 

18.  Young  bora  after  117  days 
9  normal 

19.  Young  bom  after  151  days  I 
cf  normal  ) 

This  enumeration  of  19  matingB  shows  that  pregnancy  did  not 
set  in  until  several  weeks  after  the  discontinuation  of  tl)e  thyroid 
feeding.  Whether  or  not  copulation  without  fertilization  took 
place  before  that  time,  cannot  be  stated.  Surely  attempts  to 
copulate  were  made  by  the  several  males. 

In  those  cases  in  which  the  litter  was  bom  within  less  than  30 
days  after  mating,*  the  mother  was  normal,  viz.,  not  fed  on  thy- 
roid (Nos.  12,  13,  15).  Still  the  young  died  soon  after  birth.  In 
the  one  case  in  which  both  parents  had  been  treated  and  yet 
pregnancy  set  in  early  (No.  14),  the  male  had  been  fed  on  normal 
.  food  one  month  previous  to  the  mating,  while  the  female  had 
been  treated  with  thyroid  for  two  months  only.  In  cases  17-19 
one  of  the  two  parents  was  normal,  but  it  took  the  treated  part- 
ner over  three  months  to  recover  from  the  thyroid  influence. 

Thus  under  no  circumstances  will  the  continuation  of  the 
thyroid  treatment  allow  pregnancy  to  set  in.  Numerous  matings 
of  this  kind  resulted  in  failure.  Also  in  case  16  fertilization  did 
not  occur  until  63-65  days  after  the  thyroid  feeding  was  stopped. 


The  feeding  to  rata  of  fresh  thyroid  tissue  shows  its  e£fect 
in  three  different  ways: 

1.  When  the  dose  is  too  large,  all  the  well  known  symptoms 
of  hyperthyroidization  become  evident,  viz.,  emaciation,  diar- 
rhoea, muscular  weakness  and  finally  cachexia  leading  to  death. 
The  hair  becomes  yellowish,  stands  erect,  sometimes  falls  out  in 
patches,  in  short  the  entire  coat  looks  ra^ed. 

2.  When  the  dose  is  so  regulated  as  to  keep  the  animals  in 
apparently  good  health — the  fur  will  always  become  shabby — 
then  the  animals  do  not  breed.  Not  one  mating  of  both  parents 
treated  gave  any  result,  when  the  feeding  continued  after  the 
animals    had    been    placed    together.  '  Pregnancy    was    always 

'  The  gestation  period  of  the  rat  is  from  21-23  days. 
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delayed,  since  fertilization  did  not  occur  until  several  weeks 
after  the  application  of  the  thyroid  had  been  discontinued. 
3.  Did  pregnancy  finally  occur,  it  resulted 

(a)  In  abortus, 

(b)  The  young  died  soon  after  birth, 

(c)  In  very  late  pregnancies,  the  young  show  a  diminished 
tendency  to  grow.  Although  they  are  not  especially  frail,  they 
keep  in  relative  size  behind  the  normally  fed  rats  of  the  cor- 
responding age.* 

The  question  now  presents  itself,  whether  the  symptoms 
enumerated  under  (2)  and  (3)  are  simply  the  consequences  of  the 
general  weakening  effect  of  the  thyroid  food  (1),  or  whether  the 
genital  glands  have  been  affected  so  as  to  injure  the  sex  cells. 
From  the  various  reports  in  the  Uterature  on  the  interaction  of 
thyroid  and  genital  glands,  especially  under  pathological  con- 
ditions, this  question  is  justified. 

It  may  at  once  be  said  that  the  delay  of  pregnancy  (2)  is  in 
all  probabiUty  due  to  the  wakening  effect  of  hyperthyroidization. 
It  seems,  however,  that  this  cannot  fully  account  for  the  effects 
of  the  thyroid  treatment,  as  stated  tmder  (3).  It  is  reasonable 
to  hold  the  latter  responsible  for  the  death  of  the  several  mothers 
during  pregnancy  and  the  reduced  vitality  of  the  offspring  of 
early  pregnancies.  But  the  slackened  growth  of  the  young 
of  late  pregnancies  can  hardly  be  solely  due  to  the  weak  condition 
of  the  mother.  It  can  surely  not  be  due  to  that  condition  in 
those  matings  in  which  the  father  only  had  been  treated,  while 
the  mother  was  a  normal  female.  It  seems  rather,  although 
at  present  this  is  a  mere  assumption,  as  if  the  tendency  to  grow, 
inherited  from  the  two  parents,  had  been  checked  in  some  way. 
Former  experiments  already  reported  and  some  under  way 
clearly  show  that  the  rate  of  growth  and  differentiation  of  a  gener- 
ation can  be  influenced  by  the  application  of  thyroid,  but  t^ere 

*  There  is  considerable  variation  in  aiie  and  weight  between  the  several  stocks 
of  white  rats  raised  in  different  laboratories.  For  information  on  this  point 
I  am  much  obliged  to  Professor  H.  H.  Donaldson,  of  the  Wistar  Institute.  I  also 
refer  to  hie  various  papers  on  this  question.  The  thyroid  treated  rats  do  not  in  a 
pven  time  reach  the  length  and  weight  of  our  normal  rats.    Compare  illustrations. 
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Ib  no  evidence  yet  that  this  influence  can  be  transmitted  to  the 
second  generation.  If  it  could  be  shown  that  the  rats  of  the 
second  generation,  although  stagnant  in  growth,  differentiate 
and  mature  at  the  same  rate  as  or  faster  than  normal  rats,  the 
proof  for  the  correctness  of  the  above  assumption  could  be  given. 
This  preliminary  report  is  supposed  to  state  only  some  of  the 
actual  observations  so  far  made.  The  histological  data  concerned 
will  be  reported,  when  the  experiments  will  have  been  carried 
sufficiently  far. 
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AND  RED  CORPUSCLES  IN  THE  BLOOD  OF 

MAN  AT  HIGH  ALTITUDES 
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From  tit*  Department  oj  Biology  of  Colorado  College,  Colorado  Springt,  Colorado 

Received  for  publication  January  7,  1915 

That  the  number  of  red  corpuscles  and  the  content  of  haemo- 
globin are  increased  in  the  blood  of  the  peripheral  capillaries  by 
residence  at  high  altitudes  has  long  been  known.  In  recent 
years  a  considerable  number  of  investigators  have  attempted 
to  determine  whether  the  change  is  brought  about  by  the  mere 
loss  of  fluid  from  the  blood  without  any  alteration  in  the  total 
number  of  corpuscles  or  total  amoimt  of  haemoglobin  in  ihe 
body,  or  whether  the  essential  thing  is  an  actual  new  formation 
of  red  corpuscles  and  haemoglobin. 

The  question  at  issue  has  been  answered  in  the  affirmative 
for  an  active  new  formation.  The  problem  has  been  approached 
in  a  variety  of  ways.  Thus  the  observations  of  Zuntz  and  co- 
workers (1)  indicated  that  there  was  an  absolute  increase  in  the 
amount  of  haemoglobin  and  number  of  red  corpuscles,  since  ex- 
aminations of  stained  sections  of  the  bone-marrow  from  dogs  at 
sea-level  and  from  dogs  kept  at  a  high  altitude  showed  for  the 
latter  a  decrease  in  fat-cells  and  an.  increase  in  the  blood  forming 
elements.  This  they  thought  showed  an  increased  activity  of 
the  corpuscle  producii^  centers  at  the  high  altitudes. 

Abderhalden  (2)  from  an  exten^ve  series  of  observations  on 
rabbits  and  rats,  at  an  altitude  of  6,100  feet,  concluded  that  the 
amount  of  haemc^obin  per  animal  was  not  altered,  though  the 
amount  per  kilo  body  weight  as  well  as  the  percentage  value  of 
the  haemoglobin  and  red  corpuscles  rose,  in  that  the  weight  of 
the  animals  was  uniformly  less  at  the  high  altitude.  He  took 
this  to  indicate  a  concentration  of  the  blood  without  overpro- 
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duction  of  haemoglobin.  Abderhalden  used  Welker's  method 
of  washing  out  the  blood  for  the  detennination  of  the  total, 
haemoglobin  and  blood  volume.  Dreyer  and  Walker  (3)  have- 
recently  gone  over  Abderhalden's  data  and  found  that  the  blood 
volume  of  the  rabbits  diminished  10.7  per  cent  at  the  high  alti- 
tude, while  the  haemoglobin  readings  increased  25.1  per  cent. 
They  found  that  13.1  per  cent  of  the  increase  in  the  haemoglobin 
was  due  to  a  new  formation  of  haemoglobin  and  that  only  12 
per  cent  was  due  to  the  diminution  in  the  total  blood  volxmie. 

Douglas,  Haldane,  Henderson,  and  Schneider  (4)  by  the  car- 
bon monoxide  method  of  Haldane  and  Lorrain  Smith  determined 
the  total  amount  of  haemoglobin  and  the  blood  volume  of  four 
men  during  a  residence  of  five  weeks  on  Pike's  Peak,  altitude 
14,109  feet.  They  found  that  during  the  first  few  days  of  resi- 
dence the  blood  concentrated  but  that  afterwards  there  was  a 
large  increase  in  the  total  amount  of  haranoglobin  and  a  return 
to,  or  even  a  sUght  increase  above,  the  normal  blood  volimie. 

Laquer  (5)  on  Monte  Rosa,  found  that  dogs  deprived  of  haem- 
oglobin by  hemorrhage  of  half  of  their  blood  supply  regenerated 
it  in  about  16  days,  while  at  the  lower  altitudes  27  days  were 
required  for  the  restoration  after  a  simitar  hemorrhage.  These 
results,  like  those  of  Zuntz  and  co-workers,  show  the  blood  form- 
ing centers  to  be  more  active  at  high  elevations. 

Schneider  (6)  by  the  carbon  monoxide  method  followed  the 
blood  changes  in  a  man  who  after  living  ^  months  at  an  altitude 
of  14,109  feet  returned  to  a  level  of  6,000  feet.  The  total  oxygen 
capacity  of  the  blood  decreased  gradually  in  the  course  of  ten 
weeks  U.9  per  cent.  This  subject  destroyed  in  the  period  a 
surplus  of  98  grams  of  haemoglobin.  Thus  it  was  shown  that 
there  had  been  an  overproduction  at  the  high  altitude. 

Other  recent  researches  support  the  evidence  that  there  is  an 
actual  increased  production  of  red  corpuscles  and  haemoglobin. 
Biirker,  Jooss,  Moll,  and  Neumann  (7)  studied  the  changes  in  the 
red  corpuscles  and  the  qualitative  and  quantitative  changes  in 
the  haemoglobin  in  four  men  at  Sanatorium  Schatzalp,  altitude 
6100  feet,  and  found  the  increase  to  be  an  absolute  rathe*  than  a 
relative  one.    Furthermore  the  blood  did  not  resume  its  low 
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altitude  composition  within  a  month  after  they  returned  to  sea- 
levet.  Cohnheim  and  Weber  (8)  examined  the  blood  of  33  men 
working  on  a  railway  on  the  Jungfrau  Peak  in  the  Alps  and  con- 
cluded that  there  was  no  alternative  explanation  of  the  increase 
in  corpuscles  and  haemoglobin  save  a  new  formation. 

The  rise  in  the  number  of  erythrocytes  and  the  percentage  of 
haemc^obin  is  especially  rapid  during  the  first  two  to  four  days 
of  residence  at  the  high  altitude,  after  which  there  occurs  a  more 
gradual  increase  for  about  three  weeks.  Abderhalden's  rabbits 
taken  from  Basel,  870  feet,  to  St.  Moritz,  6100  feet,  showed  a 
percentage  increase  in  haemoglobin  of  17.3  the  first  days.  Dreyer 
and  Walker  in  their  review  of  Abderhalden's  data  conclude  as 
follows:  "But  in  animals  examined  within  a  day  or  two  of  their 
ascent  to  a  high  altitude  the  whole  change  is  due  to  diminution 
of  the  blood  volume." 

Douglas,  Haldane,  Henderson,  and  Schneider  are  of  the  opinion 
that  three  of  their  four  subjects  showed  a  diminished  blood 
volume  during  the  first  days  of  residence  on  Pike's  Peak.  The 
subject  studied  most  carefully  had  on  the  seventh  and  e^th 
days  about  a  15  per  cent  increase  in  the  haemoglobin  and  a  total 
blood  volume  10.8  per  cent  less  than  in  Colorado  Springs.  They 
concluded  that  "the  increased  percent^e  of  haemoglobin  on 
Pike's  Peak  was  apparently  due  in  part,  during  the  first  few 
days,  to  concentration  of  the  blood. " 

Evidence  that  the  early  increase  in  erythrocytes  and  haemo- 
globin may  be  due  to  other  factors  than  the  loss  of  water  from  the 
blood  is  found  in  a  report  of  experiments  by  Campbell  and 
Hoagland  (9).  They  carried  three  rabbits  to  the  summit  of 
Pike's  Peak  and  on  arrival  counted  the  number  of  red  corpuscles 
in  the  blood  taken  from  the  ear  and  from  the  mesentery.  The 
average  count  from  the  ear  in  Colorado  Spring  was  6,087,000 
and  on  Pike's  Peak  6,635,000,  an  average  increase  of  9  per  cent. 
The  average  count  from  the  mesentery  on  Pike's  Peak  was  5,897,- 
000  or  11  per  cent  less  than  the  count  for  the  external  capillaries 
at  that  altitude.  They  concluded  that  the  early  increase  in  cor- 
puscles was  due  to  a  changed  vasomotor  condition  in  the  periph- 
eral vessels. 
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BLOOD   CHANGES   DXTRING  ABDOMINAL   MASSAGE 

We  have  recently  made  two  series  of  observations  which  shed 
some  light  on  the  rapid  increase  in-  haemoglobin  and  red  corpus- 
cles that  occurs  in  the  peripheral  blood  vessels  during  the  first 
days  of  residence  at  a  high  altitude.  In  connection  with  another 
study  (10)  in  Colorado  Springs  we  had  found  that  massage  of 
the  abdomen,  or  pressure  and  massaging  action  obtained  by 
placing  on  the  abdomen  a  heavy  weight  of  lead  foil,  weighing 
about  25  poimds  and  so  shaped  as  to  fit  between  the  lower  ribs 
and  the  top  of  the  pelvis,  invariably  increased  the  amoimt  of 
haemoglobin  and  the  number  of  red  corpuscles  in  the  peripheral 
capillaries.  This  concentration  of  the  blood  was  caused  by  the 
driving  onward  into  the  general  circulation  of  a  lai^e  number 
of  erythrocytes  which  had  been  lying  dormant  in  the  splanchnic 
area. 

All  haemoglobin  determinations  recorded  in  this  paper  were 
made  with  the  Haldane-Grower  haemoglobinometer  and  the  red 
corpuscles  have  been  coimted  with  the  Thoma-Zeiss  haemocytom- 
eter. 

Abdominal  massage  and  pressure  experiments  on  men  who  had 
resided  some  days  on  Pike's  Peak  failed  to  cause  the  usual  in- 
crease in  the  red  corpuscles  and  haemoglobin.  Six  men  served 
as  subjects  for  the  tests.  In  each  experiment  the  normal  content 
of  haemoglobin  and  mmiber  of  erythrocytes  was  first  determined 
in  blood  taken  from  a  finger.  Then  with  the  subject  reclining 
on  a  bed  the  abdomen  was  vigorously  kneaded  for  five  or  more 
minutes,  after  which  the  weight  was  placed  in  such  a  manner 
that  the  respiratory  movements  continued  the  massage.  In 
several  of  the  eiqwriments  the  weight  was  removed  after  a  time 
and  active  massage  again  given  for  another  period  of  five  minutes. 
Two  determinations  of  the  haemoglobin  and  red  corpuscles  were 
made  during  each  experiment,  the  first  at  the  end  of  five  or  ten 
minutes  and  the  second  after  fifteen  minutes  of  massage  and 
pressure.  The  results  appear  in  Table  I.  In  Colorado  Springs 
a  similar  treatment  of  the  abdomen  raised  the  haemoglobin 
content  of  the  blood  3.5  to  7  per  cent  and  increased  the  number 
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of  red  corpuscles  7  to  9  per  cent.  In  only  two  o£  the  twelve 
experiments  on  Pike's  Peak  was  a  concentration  obtained.  In 
two  others  a  definite  change  was  not  evident,  while  in  eight 
instances  the  blood  was  diluted,  the  content  of  haemoglobin 
decreased  as  much  as  1.3  to  3.1  per  cent  and  the  number  of  red 
corpuscles  0.7  to  5.4  per  cent. 

The  two  obBervations  in  which  concentration  occurred  find  an 
explanation  in  the  fact  that  the  two  men,  Atwater  and  Gregg, 
had  only  the  day  before  walked  up  the  Peak  and  had  not  at  the 
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time  clearly  reacted  to  the  influence  of  the  lowered  barometric 
pressure.  They  arrived  at  the  summit  about  one  o>'clock  in  the 
afternoon,  having  climbed  four  hours.  '  The  following  morning 
at  eight  o'clock  Atwater  gave  a  haemi^obin  reading  of  124  and 
an  erythrocyte  count  of  6,888,000.  This  was  above  his  Colorado 
Springs  average  of  112  for  haemoglobin  and  6,224,000  for  erythro- 
cytes. Gregg  had  in  Colorado  Springs  an  average  of  116  for 
haemoglobin  and  6,514,000  for  red  corpuscles.  Detenninations 
made  on  him  the  first  morning  on  Pike's  Peak  showed  practically 
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no  change,  haemoglobin  118  and  erythrocytes  6,484,000.  Neither 
of  the  men  felt  especially  well  that  day  and  when  examined  at 
4.30  in  the  afternoon  each  showed  that  there  had  been  a  decided 
fall  in  the  haemoglobin  and  erythrocytes  since  early  morning. 
It  was  noted,  however,  that  Atwater's  blood  was  still  more  con- 
centrated than  it  had  been  in  Colorado  Springs.  Grej^'s,  on  the 
other  hand,  had  fallen  below  his  Colorado  Springs  average.  It 
was  at  this  time  that  abdominal  massage  and  pressure  caused  the 
marked  increase  for  both  men  in  the  content  of  haemoglobin  and 
erythrocytes  in  the  blood  of  the  peripheral  capillaries.  Atwater 
showed  as  a  result  of  the  treatment  an  increase  of  4.4  per  cent  in 
haemoglobin  and  7.9  in  red  corpuscles  and  Gregg  had  increases 
of  7  and  9  per  cent  respectively. 

On  the  following  day,  June  21,  each  man  made  a  run,  the  re- 
sults of  which  are  given  later,  so  that  abdominal  massage  was  not 
appUed  again  until  the  22d.  On  that  day  Gregg  alone  served 
as  subject  and  then  instead  of  being  concentrated  the  blood  was 
diluted  by  the  masst^e,  the  haemoglobin  falling  2.6  per  cent  and 
the  red  corpuscles  3.6  per  cent.  On  the  23d  Gregg's  blood  was 
not  as  concentrated  as  on  the  22d,  hence  it  is  not  surprisii^  to 
find  that  massage  caused  a  very  slight  rise  in  the  haemoglobin 
and  red  corpuscles.  On  the  23d  Atwater's  blood  showed  the 
same  diluting  reaction  that  massage  caused  in  all  the  other  men 
we  examined  on  Pike's  Peak. 

The  single  observation  on  Robison,  the  resident  manager-  of 
the  Summit  House,  is  of  more  than  passing  interest  in  that  he 
had  then  resided  on  the  summit  nearly  six  weeks.  He,  too, 
showed  a  dilution  of  1.3  per  cent  in  haemoglobin  and  3.1  per 
cent  in  red  corpuscles. 

These  data  show  that  the  splanchnic  area  does  not  contain  in 
men  after  the  preliminary  period  of  adaptation  the  large  reserve 
of  corpuscles  that  it  holds  inactive  at  the  lower  altitudes.  The 
diluting  effect  of  massage  very  likely  is  caused  by  forcii^  lymph 
from  the  abdominal  viscera  into  the  blood. 
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THE   BLOOD   CHANGES   DURING   PHYSICAL  EXERTION 

It  has  been  shown  by  a  number  of  writers  (11)  that  physical 
exertion  at  low  altitudes  causes  a  pronounced  concentration  of 
the  blood  of  the  peripheral  capillaries.  In  another  paper  (10) 
we  have  demonstrated  that  the  inereaae  in  haemoglobin,  in  th'e 
number  of  erythrocytes,  and  in  the  specific  gravity  of  the  blood 
which  occurs  during  muscular  activity  results  from  the  sudden 
passa^  into  the  blood  of  a  large  number  of  red  corpuscles  lying 
dormant  in  the  body,  chiefly  in  the  splanchnic  area.  In  Colorado 
Sprii^  we  have  without  exception,  in  the  forms  of  exercise  used 
by  us,  found  the  blood  to  be  concentrated  durii^  the  exertion. 
The  haemoglobin  was  found  to  increase  3.5  to  11  per  cent  and  the 
number  of  red  corpuscles  3.2  to  22  per  cent. 

On  Pike's  Peak  two  forms  of  exercise  similar  to  those  used  in 
Colorado  Springs  were  employed;  the  first  a  run  on  the  level  of  a 
half  and  also  three  quarters  of  a  mile  requiring  three  and  a  half 
to  five  and  a  half  minutes,  and  second  a  dash  of  175  yards  up  the 
"Cog"  road  track  in  from  thirty-five  to  forty-five  seconds.  Six  men 
served  as  subjects  for  a  total  of  twelve  trials.  The  results  appear 
in  Table  II.  In  eight  of  these  exercise  experiments  the  effort  caused 
no  increase  in  the  concentration  of  the  blood,  or  even  resulted  in 
a  slight  dilution.  The  first  test  with  Atwater  who  had  walked  up 
was  made  after  he  had  been  on  the  summit  fifty  hours.  At  that 
time  the  haemoglobin  increased  1.7  per  cent,  but  a  similar  run 
two  days  later  -when  he  had  reacted  well  to  the  altitude  failed  to 
concentrate  his  blood.  With  Gregg,  however,  a  concentration 
was  obtained  after  each  of  the  runs  made  by  him.  In  the  first, 
after  a  sojourn  of  fifty  hours,  the  haemoglobin  increased  3.5  per 
cent  and  the  red  corpuscles  8.5  per  cent.  Gregg  made  his  second 
run  forty-eight  hours  later  when  he  was  known  to  be  in  better 
condition.  The  haemoglobin  then  increased  only  1.6  per  cent 
and  the  red  corpuscles  2.3  i>er  cent.  In  this  connection  it  is 
interesting  to  find  that  in  a  sojourn  of  four  days  on  Pike's  Peak 
Atwater's  haemoglobin  rose  from  his  Colorado  Springs  average 
of  112  to  131,  or  17  per  cent,  and  the  red  corpuscles  increased 
from  6,224,000  to  7,192,000,  or  16  per  cent.     On  the  other  hand 
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Gregg's  haemoglobin  on  the  fourth  day  had  increased  from  hit 
Colorado  Springs  average  of  116  to  121  only,  or  4  per  cent,  anc 
the  erythrocytes  had  increased  from  6,514,000  to  6,640,000,  oi 
1.9  per  cent. 

The  above  observations  suggest  that  as  a  person  reacts  to  the  in- 
fluence of  the  high  altitude  the  reserve  corpuscles  are  thrown  intt 
the  general  circulation.  As  a  consequence  there  is  in  individuals 
who  have  reacted  well  to  the  lowered  barometric  pressure  nt 
reserve  to  bring  out  during  strenuous  physical  exertion  and  foi 

TABLE  n  , 

Blood  changes  dtiring  e; 


MOB 

«^w 

■HO.™ 

lie 

Brytbrocytca 

Ran  from  0 

.5  to  0.75  m 

118 

6,392,000 

120 

6,432,000 

133 

6,984,000 

133 

6,912,000 

115 

6,100,000 

119 

6,616,000 

122 

6,640,000 

124 

e.792,000 

126 

6,900,000 

126 

6,900,000 

129 

7.048,000 

130 

7,104,000 

120 

6,900,000 

120 

6.800,000 

128 

6,736,000 

129 

6.712,000 

175  yar 

ds  up  the  ' 

Cog"  track 

115 

6,472,000 

114 

6,238,000 

129 

126 

150 

8,256,000 

152 

8,376,000 

134 

133 

Atwater...        June  21,  '14 

June  23,  '14 
Gregg June  21,  '14 

June  23,  '14 
Havens June    2,  '13 

June  27,  '14 
SiBOO June    1,  '13 

June  27,  '14 

Eager I  Oct.  26,  '13 

Havens I  June  28,  '14 

Robison.. .'  Oct.  27,  '13 

SiBco I  June  28,  '13 


this  reason  the  blood  does  not  concentrate  during  exercise  at  the 
high  altitude  as  it  regularly  does  at  lower  altitudes. 

It  is  unfortunate  that  we  did  not  have  Gregg  run  on  the  22c 
when  it  was  found  that  abdominal  massage  diluted  the  blood 
On  the  23d  an  abdominal  massage  experiment  made  two  hours 
before  the  run  raised  the  haemoglobin  0.8  per  cent  and  slightlj 
increased  the  number  of  red  corpuscles.  The  fact  that  suet 
strenuous  exertion  as  a  half  mile  run  increased  the  haemoglobir 
only  1.6  per  cent  makes  it  probable  that  longer  continued  anc 
more  vigorous  massage  would,  very  likely,  have  raised  the  haemo' 
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globin  content  an  equal  amount.  We  believe'that  these  experi- 
ments indicate  that  the  splanchnic  area  is  the  chief  reserve  of 
red  corpuscles. 

Robison,  the  resident  manager  of  the  Summit  House,  kindly 
ran  for  us  a  distance  of  175  yards  up  the  steep  grade  of  the  "Cog" 
road  on  October  27, 1913.  He  had  then  resided,  on  the  sumnoit  of 
the  Peak  over  five  and  a  half  months.  This  run  increased  his 
haemoglobin  1.3  per  cent  and  the  red  corpuscles  1.4  per  cent. 
The  same  autumn  ten  days  after  he  had  descended  to  Colorado 
Springs  he  ran  again  in  one  of  the  college  buildings  doing  about 
the  same  amount  of  work  in  stair  climbing.  His  haemoglobin 
then  increased  from  142  to  149,  or  4.9  per  cent,  and  the  erythro- 
cytes from  6.8  to  7.4  millions,  or  8.8  per  cent.  Our  abdominal 
massage  experiment  was  made  on  him  the  following  summer  when 
he  had  been  on  the  summit  less  than  six  weeks.  It  was  impossible 
to  try  a  work  experiment  at  that  time.  These  observations  on 
Robison  suggest  that  even  in  those  acclimatized  to  very  high 
altitudes  there  is  not  a  lai^e  reserve  supply  of  corpuscles  avail- 
able to  meet  the  increased  demand  for  oxygen  during  exertion. 

Laquer  (5)  reported  that  after  hard  muscular  work  there  was 
a  decrease  in  the  concentration  of  the  blood  of  the  fingers  at  the 
high  altitude,  this  he  concluded  was  the  result  of  a  vasomotor 
change.  We  found  on  Pike's  Peak  that  the  content  of  haemoglo- 
bin and  erythrocytes  immediately  at  the  end  of  exercise  was 
usually  the  same  as  before  exercise.  Later,  however,  the  blood 
slowly  diluted  just  as  it  does  at  lower  altitudes.  Hence  within 
a  few  minutes  the  concentration  will  show  a  decrease.  Often 
this  dilutii^  process  was  more  marked  than  in  Colorado  Springs. 

Our  two  series  of  observations  on  the  influence  of  abdominal 
massage  and  pressure,  Mid  of  muscular  exertion  on  the  blood 
changes  show  that  a  part  of  the  rise  in  the  number  of  erythrocytes 
and  in  the  percentage  of  haemoglobin  that  occurs  during  the 
.  first  two  to  foiu"  days  of  residence  at  high  altitudes  is  caused  by 
throwing  into  the  general  circulation  a  large  number  of  corpuscles 
that  have  been  inactive  in  the  splanchnic  area,  and  very  likely  to 
some  extent  elsewhere,  at  lower  altitudes.  The  stimulus  that 
calls  forth  these  resting  cells  is  quite  likely  associated  with  the 
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demand  of  the  tissues  for  oxygen.  At  high  altitudes  a  need  for 
oxygen  is  felt  even  during  rest.  That  there  is  a  shortage  of 
oxygen  during  the  first  days  of  residence  has  been  clearly  shown 
by  Douglas,  Haldane,  Henderson,  and  Schneider.(4).  All  avail- 
able corpuscles  are  soon  thrown  into  the  general  circulation  in 
the  effort  to  supply  this  need,  with  the  result  that  diuing  muscular 
work  there  are  no  corpuscles  remaining  in  reserve,  consequently 
there  is  no  increase  with  exercise. 

The  changes  in  the  blood  on  adaptation  to  high  altitudes  may 
here  be  briefly  summarized.  A  rapid  increase  in  the  number  of  red 
corpuscles  and  percentage  of  haemoglobin  in  the  blood  of  the 
peripheral  vessels  occurs  during  the  first  two  to  four  days  of 
residence  at  the  h^  altitude,  then  follows  a  more  gradual  in- 
crease for  about  three  weeks.  The  initial  rapid  increase  is  brought 
about  in  part  by  throwing  into  the  systemic  circulation  a  lai^ 
number  of  red  corpuscles  that  under  ordinary  circumstances  at 
low  altitudes  are  side-tracked  and  inactive;  and  in  part  by  a 
concentration  resulting  from  a  loss  of  fluid  from  the  blood.  The 
more  gradual  increase  in  red  corpuscles  and  haemoglobin  extend- 
ing over  several  weeks  is  brought  about  by  the  increased  activity 
of  the  blood  fonning  centers  so  that  there  results  a  largfe  increase 
in  the  total  number  of  corpuscles  and  amount  of  haemoglobin. 

THE  SEQUENCE   OF  BLOOD  CHANOEB  DUIUMG  THE  EARLY  DAYS  OF 
RESIDENCE   ON   PIEE's  PEAK 

The  rise  in  the  haemoglobin  content  of  the  blood  has  been 
followed  in  three  subjects  during  three  to  five  expeditions  to  the 
summit  of  Pike's  Peak.  In  these  several  expeditions  the  rate  of 
increase  of  the  haemoglobin  has  varied.  We  believe  the  differ- 
ences observed  find  an  explanation  in  the  condition  of  each  sub- 
ject at  the  time  of  the  journey.  Five  men  were  induced  to  walk 
up  the  mountain  so  that  it  was  possible  to  deterraine  the  effects 
of  fatigue  when  added  to  the  influence  of  lowered  barometric 
pressure.  Among  our  subjects  there  was  opportunity  to  compare 
the  influence  of  altitude  on  men  in  excellent  physical  condition 
because  of  regular  trainii^  in  muscular  activity  and  on  men  who 
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had  led  an  inactive  or  sedentary  life.  In  three  of  our  expeditions 
only  the  change  in  the  haemoglobin  content  of  the  blood  was 
recorded  while  in  the  fourth  the  number  of  red  corpuscles  was  also 
counted.    These  data  are  given  in  Tables  III,  IV  and  V. 


TABLE  111 

{Haemoglobin) 


Average 

Oct.  11,  1912 12  noon 

Oct.  12 10a.m. 

Oct.  13....'. 8.30a.m. 

Oct.  14 9.30  a.m. 


Average 

May  29,  1913... 

May  30 

May  31 

June  3 


Average 

Oct.  24,  1913.. . . 

Oct.  25 

Oct.  26 

Oct.  27 


Average 

June  17,  1914. . 

JuDe  18 

June  19 

June  20 

June  21 

June  2? 

June  24 

June  26 

June  28 

June  29 


Colo.  Springs 

Pike's  Peak,  just  arrived 


Colo.  Springs 

Pike's  Peak,!  ^gt  morning 


Colo.  Springs 

Pike's  Peak,  let  morning 


■  Havens  walked  up  the  Peak  October  23,  1913.  ' 

All  of  the  subjects  of  the  first  two  expeditions  ascended,  the 
mountain  in  the  "Cog"  railway  train.  The  haemoglobin  con- 
tent of  their  blood  was  determined  within  a  few  hours  after  arrival 
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and  in  each  subject  it  was  found  that  the  haemoglobin  was  not 
altered  immediately  by  entrance  into  rarefied  air.  However,  in 
all  subjects  who  had  reacted  well  to  the  influence  of  oxygen  want 
a  well  defined  increase  in  haemoglobin  was  found  to  have  occxured 
by  the  morning  after  that  of  the  ascent. 

Havens  has  been  under  observation  during  four  trips  to  the 
summit  of  Pike's  Peak  (see  Table  III).  Three  times  the  ascent 
was  made  by  railway  car  and  the  fourth  he  walked  up  the  moun- 
tain. Following  the  three  times  of  passive  ascent  the  increase 
of  haemc^obin  was  rapid:  thus  the  morning  after  the  ascent  in 
October  1912  it  was  up  eight  points  by  the  Haldane-Gower 
haemoglobinometer,  or  7.3  per  cent;  in  May  1913  also  eight 
points,  or  6.9  per  cent;  and  in  June  1914  fourteen  points,  or  12.8 
per  cent.  Before  each  of  these  three  trips  Havens  had  been  mus- 
cularly  active.  Prior  to  the  first,  in  1912,  he  had  worked  out-of- 
doors  ail  summer  at  manual  labor.  In  May  1913  he  was  in  perfect 
training,  having  exercised  daily  for  three  months  in  preparation 
for  the  two  mile  run  in  intercollegiate  contests.  It  is  interesting 
to  find  then  that  his  average  for  haemoglobin  in  Colorado  Springs 
was  116  or  six  points  higher  than  at  the  time  of  the  first  expedi- 
tion and  yet  be^ning  at  this  higher  level  the  haemoglobin  had 
increased  an  equal  number  of  points  by  the  first  morning  after 
the  ascent.  In  the  spring  of  1914  Havens  ^ain  trained  for  the 
two  mile  run  for  a  time  but  discontinued  regular  running  about 
three  and  a  half  weeks  before  the  trip  to  Pike's  Peak.  His  normal 
haemoglobin  content  dropped  during  this  interval  from  about  115 
to  an  average  of  109.  It  is  interesting  to  find,  therefore,  that  in 
this  expedition  the  increase  in  haemoglobin  on  the  first  morning 
was  greater  than  in  the  earUer  expeditions,  having  risen  from  the 
averse  lower  level  of  109  to  123  in  about  twenty  hours.  This 
increase  is  equal  to  the  sum  of  the  increases  obtained  the  year 
before  by  athletic  training  and  altitude  infiuence.  In  each  of 
these  expeditions  his  haemoglobin  reached  practically  the  same 
level  by  the  third  morning  of  residence  on  the  Peak;  these  were  129, 
130,  and  129  respectively.  During  our  residence  of  two  weeks 
on  the  Peak  in  1914,  the  haemoglobin  reached  its  maximiun — 
135 — in  six  days.     In  1913  it  was  134  on  the  fifth  morning. 
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In  the  autumn  of  1913  Havens  made  the  ascent  on  foot.  While 
he  was  not  in  such  splendid  physical  condition  as  the  June  prior 
he  was  nevertheless  physically  strong.  However,  apparently 
as  a  result  of  the  fatigue  of  the  climb,  his  haemc^obin  had  in- 
creased only  1.8  per  cent  the  morning  after  the  ascent.  Further- 
more, the  rate  of  increase  was  lees  on  the  following  days  than  it 
was  in  the  other  expeditions.  Thus  on  the  third  morning  the 
haemoglobin  content  was  115  instead  of  129,  the  average  readii^ 
for  that  day  on  the  other  expeditions.  On  the  fourth  morning  it 
had  risen  only  7  per  cent  above  the  Colorado  Springs  average 
instead  of  12  to  19  per  cent  as  it  had  during  the  other  trips. 

Five  series  of  observations  on  Schneider  are  available,  the  four 
recorded  here  and  a  series  with  the  EngUsh-American  Pike's 
Peak  expedition  (4).  It  is  interesting  to  find  that  in  three  of 
these  sojourns  Schneider  was  quite  LLl  with  mountain  sickness 
and  that  during  the  other  two  he  was  not  greatly  disturbed  by 
the  altitude.  Id  the  English-American  expedition  his  haemo- 
globin was  up  only  two  per  cent  the  first  morning.  It  increased 
in  the  same  time  in  October  1912,  6.4  per  cent,  May  1913  only  0.9 
per  cent,  October  1913,  2.7  per  cent,  and  in  June  1914,.  6.4  per 
cent.  The  small  rises  noted  were  associated  with  the  three 
periods  of  rather  severe  mountain  sickness.  Prior  to  the  trip 
in  October  1912  when  the  haemoglobin  increased  rapidly  Schnei- 
der had  spent  the  summer  in  out-door  activities  involving  con- 
siderable physical  exertion.  Before  the  trip  in  June,  1914,  at 
which  time  the  haemoglobin  also  rose  quickly,  he  had  taken 
regular  tramps  in  the  mountains  and  played  tennis  several 
times  a  week.  Before  the  other  excursions  Schneider  had  not 
taken  regular  exercise.  It  appears  then  that  the  rate  of  change 
in  the  haemoglobin  during  the  first  twenty-four  hours  spent  at 
high  altitudes  depends  upon  the  physical  condition  of  the  subject. 

The  rate  of  change  for  Schneider  also  varied  in  a  similar  manner 
on  the  subsequent  days.  Thus  for  the  two  trips  when  he  was  in 
excellent  physical  condition  the  haemoglobin  increased  to  124  in 
two  days  in  October  1912  and  to  122  in  three  days  in  June  1914. 
At  the  time  of  the  English-American  Pike's  Peak  expedition  he 
.  had  just  returned  from  sea-level  and  his  haemoglobin  in  Colorado 


dbyGoogIc 


EFFECT  OF  HIGH   ALTITUDE   ON  BLOOD  393 

Springs  was  only  101.  Starting  from  this  low  level  the  haeoioglo- 
bin  increased  slowly  to  122  during  the  first  fourteen  days  ai)ent 
OD  Pike's  Peak.  The  tpftirimuTn  for  this  trip  was  123.  In  June 
1914  the  maximum  of  129  was  reached  in  twelve  days.  The 
maximum  obtmned  in  each  of  the  remaining  expeditions  in  four 
days  was  only  115  and  116  respectively.  These  figures  are  far 
below  those  obtained  in  the  expeditions  when  he  was  physically 
strong. 

Sisco  participated  in  three  expeditions.  He  never  had  taken 
regular  exercise,  he  may  be  regarded  as  representing  the  semi- 
sedentary  type  of  subject.  His  haemoglobin  increased  during 
the  first  twenty  hours  of  residence  on  the  summit  4.4,  4.5,  and  6.2 
per  cent  respectively  in  the  three  sojourns.  Sisco  had  at  the  time 
of  the  ascent  in  October  1913  a  sUght  bronchitis  and  suffered 
some  from  headaches  which  may  account  for  the  fact  that  his 
haemt^obin  increased  less  rapidly  this  stay  than  during  the 
other  two.  During  his  first  trip,  June  1913,  the  haemoglobin 
increased  steadily  for  three  days  to  123  and  in  June  1914  it  reached 
126  in  the  same  time.  In  October  1913,  however,  when  he  was 
not  well,  on  the  third  morning  it  was  no  higher  than  the  first 
morning  when  it  was  116. 

In  addition  to  Havens  we  have  had  four  more  subjects  ascend 
Pike's  Peak  on  foot  (see  Table  IV).  Eager  and  Munro  walked 
up  with  Havens  in  October  1913.  These  men  were  chosen  be- 
cause it  was  thought  that  they  represented  three  conditions  of 
physical  fitness.  Havens,  although  not  in  as  splendid  condition 
as  the  June  preceding,  had  exercised  the  most;  Munro  and  Eager 
had  exercised  very  little,  but  Munro  seemed  the  more  fit  of  the 
two.  It  is  interesting,  therefore,  to  find  on  the  first  morning 
after  the  ascent  that  Havens'  haemoglobin  was  up  1.8  per  cent, 
that  Eager's  had  not  changed,  while  Munro's  was  2.7  per  cent 
below  his  Colorado  Springs  average.  In  foiu:  days  Havens' 
haemoglobin  increased  7.2  per  cent,  Munro's  1.8  per  cent,  and 
Eager's  had  not  clearly  altered.  Havens  felt  very  well  through- 
out the  stay  on  the  summit,  Eager  and  Munro  could  not  sleep 
the  first  n^ht  and  suffered  more  or  less  with  headache  through- 
out their  stay. 
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The  morning  of  June  19,  1914  Atwater  and  Gre^  walked  up 
the  Peak  and  remained  on  the  summit  until  the  evening  of  the 
23d.  Atwater  reacted  well,  the  morning  following  the  ascent 
his  haemoglobin  and  red  corpuscles  were  each  up  10.7  per  cent. 
That  day  a  headache  developed  and  by  afternoon  his  haemo- 
globin had  decreased  from  124  to  113,  the  red  corpuscles  from 
6,888,000  to  6,080,000.  By  the  next  morning  both  elements 
had  again  made  a  material  gain  but  had  not  reached  the  level  of 
the  first  morning.  On  the  fourth  and  last  morning  Atwater's 
haemoglobin  was  17  per  cent  above  his  Colorada  Springs  average 
and  the  red  corpuscles  up  15.5  per  cent.  He  reacted  to  the  in- 
fluence of  the  high  altitude  even  better  than  Havens  had  after 

TABLE  IV 

Haemoglobin  of  men  who  walked  up  (ft«  Peak 


'  Walked  up  October  23,  1913. 
*  Walked  up  June  19,  1914.. 

his  climb  in  the  October  trip.  Atwater  had,  for  ten  or  mwe  days 
prior  to  his  trip  been  workir^  regularly  out-of-doors  as  a  house 
painter.  It  was  his  opinion  that  he  was  in  most  excellent  physi- 
cal condition. 

The  morning  after  the  ascent  Gre^  showed  an  increase  of 
only  1.7  per  cent  in  haemoglobin  and  no  definite  change  in  the 
number  of  red  corpuscles.  He  suffered  from  mountain  sickness 
the  first  night  on  the  Peak  and  had  a  headache  the  first  two  days. 
Gre^  had  not  followed  a  system  of  regular  exercise  and  had 
led  only  a  fairly  active  life  before  joining  the*  expedition.  In 
foxir  days  his  haemoglobin  increased  only  4.3  per  cent  and  the 
red  corpuscles  only  1.9  per  cent.  His  increase  in  corpuscles 
throughout  the  stay  was  uniformly  less  than  that  of  the  haemo- 
globin. 
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The  red  corpuscles  were  counted  only  in  the  expedition  of 
June  1914.  It  will  be  observed,  however,  that  they  and  the  hae- 
moglobin, in  all  subjects  except  Gregg,  varied  together  and  about 
equally.    These  counts  appear  in  Table  V. 

The  data  obtained  in  our  study  of  the  changes  in  the  haemo- 
^obin  and  red  corpuscles  in  these  several  expeditions  show  that 
both,  in  physically  fit  persons  who  ascend  the  mountain  passively, 
increase  rapidly  within  twenty-four  hours.  This  reaction  does 
.  not  b^n  immediately  on  entrance  into  the  rarefied  air.     There 


Average 

17,  '14 


(_Red  corpntele»  per  etUne  millimetre) 


6,024,000  5,992,000  6,372,000  6,224,000  0,514,000 


6,872,00ffl  6,472,000]  6,732,000 


7,024,00a  6,400,000 
7,160,000  6,800,000 
7,292,000  6,848,000 
7,200,000  6,736,000 


6,'ood  t 


24 7,248,000  6,616,000 


6,880,000 
6,720,000 
6,624,000 
6,928,000 


6,472,000  7,032,000 


Pike's  Peak, 
morning 


,888,000  6,484,000 
,512,000  6,301,000 
6,656,000  6,744,00Q 
7,192,000  6,640,000 


.  ■  7,000,000  6,656,000,  6,856,000- 
"  0,000|  6,896,0001  7,]20,000] 


29 6,976,000,  6,960,000; 


then  follows  a  period  of  several  days,  two  or  three,  in  which  the 
concentration  although  somewhat  reduced  is  still  quite  rapid, 
after  this  there  may  be  for  a  time  a  continued  slow  increase. 
In  subjects  known  to  be  in  poorer  physical  condition  these  blood 
changes  occur  more  gradually  and  in  such  subjects  symptoms  of 
mountain  sickn^  may  appear. 

Among  subjects  who  ascend  to  the  high  altitude  on  foot  the 
value  of  physical  fitness  or  training  is  very  evident.  Men  in 
excellent  condition  react  quickly  but  not,  as  observations  on 
Havens  indicate,  so  decidedly  as  when  they  ascend  passively 
by  train.  Men  not  accustomed  to  strenuous  exertion  may  not 
react  at  all  the  first  twenty-four  hours  after  tbe  ascent  and  only 
slowly  thereafter.    We  believe  one  value  of  physical  training  is 
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to  be  found  in  the  ability  of  the  org^iism  to  throw  into  the  general 
circulation  when  there  is  an  increased  demand  for  oxygen  a 
large  number  of  red  corpuscles  that  have  been  side  tracked,  bo 
to  speak,  and,  therefore,  inactive.  This  throwing  of  corpuscles 
into  the  general  circulation  accounts  in  large  measure  for  the  first 
rapid  rise  in  haemoglobin  and  erythrocytes. 

It  is  the  opinion  of  Dreyer  and  Walker  (3)  that  the  change  of 
blood  volume  which  occurs  with  a  particular  clumge  of  barometric 
pressure  is  proportional  to  the  area  of  the  body  surface  of  the 
individual.  They  also  beUeve  that  the  whole  increase  in  haemo- 
globin and. red  corpuscles  observed  within  the  first  day  or  two  ■ 
after  ascent  to  the  high  altitude  is  due  to  a  diminution  of  the 
blood  volume.  If  their  reasoning  is  correct  the  concentration 
of  the  blood  for  a  given  subject  should  be  about  the  same  each 
time  he  goes  to  a  particular  altitude.  We  have  shown,  however, 
that  in  five  journeys  to  the  summit  of  Pike's  Peak  the  haemo- 
globin content  of  Schneider's  blood  had  increased  in  twenty  hours 
as  little  as  0.9  per  cent  and  as  much  as  6.4  per  cent.  Havens  and 
Sisco  who  also  have  been  with  several  expeditions  have  shown 
similar  variations.  Dreyer  and  Walker's  explanation  fails  to 
account  for  these  variations,  while  they  find  an  explanation  in 
the  theory  advanced  above. 


1.  At  low  altitudes  abdominal  massage  increases  the  number 
of  red  corpuscles  and  percentage  of  haemoglobin  in  the  peripheral 
capillaries.  In  men  partially  or  wholly  acclimatized  to  a  high  alti- 
tude abdominal  massa^  lowers  the  content  of  haemoglobin  and 
red  corpuscles.  Before  the  subject  reacts  to  the  influence  of 
lowered  barometric  pressure,  abdominal  massage  may  raise  the 
content  of  haemoglobin  and  red  corpuscles. 

2.  Physical  exertion  at  low  altitudes  concentrates  the  blood 
but  during  a  sojourn  of  four  days  to  two  weeks  at  a  high  altitude 
this  reaction  occurs  only  in  the  period  before  the  number  of  red 
corpuscles  and  percentages  of  haemoglobin  have  increased.  In 
a  subject  who  had  Uved  five  and  a  half  months  at  14,109  feet  a 
given  exercise  caused  a  slight  concentration  of  the  blood  but  not 
an  much  as  it  did  at  the  altitude  of  Colorado  Springs. 
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3.  While  there  is  a  reserve  supply  of  corpuscles  at  low  altitudes 
this  is  lacking  for  some  time  during  residence  at  the  high  altitude. 

4.  The  uiunber  of  red  corpuscles  and  percentage  of  haemoglo- 
bin do  not  increase  immediately  on  arrival  at  the  high  altitude. 
Usually  there  occurs  within  twenty-four  hours  a  marked  increase 
in  both. 

5.  The  rise  in  haemoglobin  and  red  corpuscles  for  a  particular 
subject  durii^  the  first  three  or  four  days  spent  at  a  high  altitude 
is  not  the  same  for  different  visits.    The  increase  is  most  rapid  - 
in  subjects  who  have  taken  regular  exercise  before  ascending  to 
the  h^h  altitude. 

6.  Fatigue  due  to  walking  up  a  mountain  delays  the  altitude 
increase  in  haemoglobin  and  red  corpuscles. 

7.  The  rapid  increase  in  the  number  of  red  corpuscles  and  per- 
centage of  haemoglobin  the  first  two  or  three  days  spent  at  a  high 
altitude  is  due  in  part  to  the  throwii^  into  the  general  circulation 
of  a  large  mass  of  reserve  corpuscles,  and  in  part  to  a  loss  of  fluid 
from  the  blood.  The  blood  forming  centers  also  become  mor6 
active  and  increase  the  total  number  of  corpuscles  and  total 
amount  of  haemoglobin. 

We  wish  here  to  express  our  hearty  appreciation  of  the  twelve 
Colorado  Springs  friends  who  generously  supported  our  expedi- 
tion in  June  1914,  and  to  the  young  men  who  so  kindly  served 
as  subjects. 
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The  aim  of  the  work  briefly  described  m  the  article,  has  been 
to  ascertain  the  influence  of  monochromatic,  and  different 
intensities  of  light  on  the  reproduction  of  vorticella. 

The  vorticella  were  transferred  by  means  of  a  Barbw*  capil- 
lary pipette,  held  in  a  modified  triple  movement  pipette  holder. 

From  a  culture  of  the  unicellular  organisms,  that  had  been 
kept  covered  in  the  dark,  for  several  months,  many  encysted 
zoojds  were  isolated,  and  transferred  to  a  culture  media,  consist- 
ing of  an  infusion  of  Timothy  hay.  The  infusion  had  been  filtered, 
sterilized  by  boiling,  and  kept  in  sterilized  sealed  tubes  until 
needed. 

The  encysted  forms  were  under  observation  in  a  hanging  drop 
placed  in  an  open  end  moist  chamber. 

As  soon  as  the  zooids  emerged  from  their  cysts,  they  were 
removed  to  a  drop  of  the  sterihzed  infusion  placed  on  a  Hemo- 
cytometer  micrometer  slide.  By  this  means,  the  direct  increase 
in  organisms  could  be  ascertained.  The  slides  with  the  young 
aooid  were  placed  in  a  Petri-dish  that  contained  a  thin  layer  of 
water  to  prevent  evaporation  of  the  solution.  The  organisms  of 
the  same  age  thus  secured,  were  kept  for  each  series  of  obser- 
vations, under  the  same  conditions  of  temperature,  moisture, 
food  and  intensity  of  light. 

To  ascertain  the  effect  of  colored  rays,  blue,  green,  yellow  and 
red  glass,  gelatin  films,  and  reflected  rays  from  Hering's  mono- 
chromatic colored  cards  were  employed.    The  observations  thus 

'Barber  M.  A.:  Jour,  of  Infections  Dis.,  1911,  Vol.  viii,  p.  348. 
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secured  were  compared  with  those  made  in  sun  or  electric  light 
of  constant  intensity;  the  colore  were  placed  both  in  bright  and 
dim  light  and  so  that  the  reflected  or  transmitted  rays  penetrated 
the  culture  either  from  above  or  below.  The  heat  rays  were  cut 
out  by  water  contained  in  parallel  sided  glass  dishes  placed  in  the 
path  of  the  beams  of  light. 

In  order  to  study  the  influence  of  the  inten^ty  of  Ught,  the 
slides  with  the  vorticella  were  placed  either  half  or  one  and  a 
half  or  two  metere  from  a  window  having  southern  exposure 
or  electric  light.  Some  were  placed  in  a  large  blackened  wall 
box  or  in  a  box  covered  with  smoked  glass  to  vary  the  intensity 
of  the  rays  of  sunlight. 

From  the  observations  that  were  obtained  from  the  various 
experiments  the  following  general  conclusions  were  deduced. 

1.  "Vorticella  exposed  to  dayli^t  for  intervals  of  tour  days 
increase  in  number  more  rapidly  on  .br^ht  sunny  days  than  on 
cloudy  dark  ones. 

2.  When  the  zooids  are  placed  at  different  distances  from  the 
source  of  light  on  an  average  25  develop  one  half  meter,  ten  one 
and  one  half  meter  from  the  l^t  and  two  in  the  dark. 

3.  In  comparii^  the  greatest  number  that  developed  on  sunny 
days  from  one  zooid  in  24  hours  it  was  seen  that  40  grew  under 
green,  29  imder  yellow,  26  xmder  white  and  13  under  blue,  17 
under  red. 

4.  The  average  rate  of  increase  on  cloudy  days  or  under  dim 
light  was  4  for  yellow,  3  for  green,  2  for  blue,  white  or  red. 

5.  We  conclude  that  the  stimulating  effect  on  the  reproductive 
power  of  vorticella  increases  up  to  an  optimum  with  increased 
intensity  of  light,  and  that  the  bright  luminous  rays  of  yellow 
and  green  are  more  effective  as  stimulating  agencies  on  the  re- 
productive power  of  vorticella  than  are  the  red  or  blue  rays. 
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Reoeived  for  publioation  January  11,  1915 

Studies  on  the  effect  of  radiation  by  Roentgen  rays  upon  eggs 
have  shown  that  these  rays  are  capable  of  causing  changes  in 
the  activities  of  the  e^  and  of  certain  of  its  parts.  Among 
others,  changes  in  the  rate  of  cell  division,  differences  iA  the 
behavior  of  chromatin  in  division,  and  variations  in  the  activity 
of  cell  extracts  have  been  noted  as  the  result  of  exposure  to  these 
rays.  Some,  at  least,  of  the  departures  from  normal  are  similar 
in  character  to  the  results  obtained  by  applying  various  experi- 
mental methods  to  living  eggs.  It  has  been  su^ested  therefore 
that  changes  in  the  permeability  of  the  plasma  membranes 
of  the  e(%  cells  may  be  the  basis  for  ihe  abnormal  conditions 
observed.  This  su^estion  comes  from  the  fact  that  changes 
of  such  nature  are  held  to  be  responsible  for  cytolyais  of  the 
cortical  layer  of  the  egg  substance,  and  the  processes  which, 
as  initiation  of  cell  division  according  to  Loeb,  are  consequent 
to  cytolysis;  for  metabolic  changes  such  as  the  increase  in  the 
elimination  of  COt  and  of  catalase  and  increase  in  oxygen  absorp- 
tion; and  for  various  other  physiological  reactions  of  the  cell. 

There  would  seem  to  be  a  nximber  of  a  priori  reasons  for  ex- 
pecting permeabihty  changes  to  be  brought  about  by  radiation. 
McClendon  found  evidence  for  the  increase  in  permeabihty  of 
the  sea  urchin's  egg  at  the. beginning  of  development,  and  he 
states  that  "there  is  some  indirect  evidence  that  increase  in  per- 
meabihty may  cause  an  increased  division  rate  in  tissue  cells. 
Thoi^h  cell  growth  may  influence  division,  it  is  probable  that 
permeabihty  influences  growth."     My  observations  that  expos- 
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sure  of  Planorbie  eggs  to  X-rays  hastens  the  rate  of  division, 
could  be  most  easily  ^plained,  perhaps,  on  the  basis  of  this 
assumption.  McClendon  also  cites  the  case  of  cancers  that 
have  been  produced  by  the  action  of  X-rays  upon  the  skin.  "The 
cells  in  the  skin  were  chained  so  that  they  proliferate  more  rapidly. 
Similarly,  electrical  changes  have  been  observed  to  start  t^e  egg 
cell  to  rapid  proliferation"  (tissue  cells  have  also  been  electri- 
cally stimulated  to  increased  division).  He  thinks  that  "there 
is  some  irreversible  change  in  the  permeability  of  these  cells." 
It  is,  furthermore,  to  be  expected  that  perhaps  an  agent  which 
brings  about  the  profound  internal  disturbances  known  to  be 
caused  in  the  chromatin  by  radiation,  as  shown  by  the  reaearches 
of  the  Hertwigs  and  others,  would  work  extensive  changes  at 
the  surface  where  it  first  comes  into  relation  with  the  cell,  namely, 
at  the  plasma  membrane. 

If  permeability  changes  are  caused  by  radiation,  then  the 
general  results  of  that  treatment  are  probably  to  be  brought 
in  line  with  effects  produced  by  other  experimental  methods. 
On  the  other  hand,  if  no  permeability  changes  are  d^nonetrable 
it  is  necessary  to  look  more  deeply  for  the  causes  underlying 
the  disturbances  and  it  becomes  increasingly  probable  that  the 
effects  of  radiation  are  specific,  or  at  least  dependent  upon  some 
more  fundamental  principle  for  their  explanation. 

Thus  the  investigation  of  the  f|uestion,  whether  changes  in  the 
permeabiUty  of  the  plasma  membrane  can  be  brought  about 
by  X-radiation,  becomes  a  matter  of  some  theoretical  impor- 
tance. The  conclusion  reached  here  rests  solely  upon  the  evidence 
available  from  experiment. 

Four  methods  for  investigating  this  question  were  available 
to  the  writer.  (I)  All  agents  which  cause  permeability  changes 
cause  an  exudation  of  pigment  from  the  integument  of  Arenicola 
larvae.  (2)  The'  prevailing  hypothesis  is  that  the  initiation  of 
all  division  which  is  the  first  step  in  artificial  parthenogenesis  is 
due  to  changes  in  the  penneabiUty  of  the  plasma  membrane  to 
cytolysing  agents.  (3)  The  indicator  method  depends  upon  the 
sensitivity  of  neutral  red,  the  indicator,  for  detecting  the  pres- 
ence of  alkali,  in  this  case,  NaOH,  in  the  cell.     (4,  an  adaptation 
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of  3).  Penneability  changes  are  indicated  in  certain  plant  cells 
where,  by  the  use  of  an  indicator  (neutral  red  in  Elodea  as  suggested 
by  Harvey,  '10),  the  change  in  content  of  the  cell  can  be  detected 
when  placed  in  a  solution  to  which  the  membrane  is  penneable. 

Previous  experiences  with  the  physiolc^cal  applications  of 
X-rays  had  shown  that  the  effective  strengths  under  the  con- 
ditions which  obtained  with  my  experiments  were  a  short  ac- 
celerative  radiation  of  two  or  three  minutes  on  the  avera^,  a 
non-effective  one  of  about  five  or  six  minutes,  and  a  longer  in- 
hibitive  radiation.  I  have  not  been  able  to  observe  much  differ- 
encein  effect  between  ten,  fifteen  and  thirty  minute  radiations, 
so  for  most  of  the  work  only  second  of  these  stronger  radiations 
was  used.  Apparatus  and  current  were  not  available  for  ex- 
posures of  great  intensity  or  longer  duration. 

Arenicola  larvae.  R.  S.  Lillie  has  pointed  Out  the  usefulness 
of  Arenicola  larvae  for  indicating  penneability  changes.  When 
these  small  trochophores  "are  suddenly  brought  from  sea  water 
into  pure  isotonic  solutions  of  sodium  salts  the  muscles  contract 
with  extreme  vigor  and  persistence,  causing  the  larvae  to  shorten 
to  half  their  normal  length;  at  the  same  time  the  yellow  pigment 
contained  in  the  cells  of  the  organism  diffuse  into  the  solution 
and  colors  the  latt^  yellow.  The  exit  of  the  pigment  is  the 
impression  of  a  r^id  penneabiUty-increasing  or  cytolytic  ac- 
tion." I  have  radiated  larvae  "of  Arenicola  for  varying  lengths 
of  time  (two,  five  and  fifteen  minutes  at  a  distance  of  about  four 
inches  from  the  tube)  and  have  observed  them  immediately 
after  the  radiation  as  welt  as  at  intervals  up  to  an  hour  following 
it.  No.  muscular  contractions  were  caused  by  the  radiations. 
(Increase  in  permeability  here  is  usually  associated  with  acceler- 
ation of  movement.)  The  larvae  were  injxired  in  no  way  so  far 
as  could  be  observed;  and  no  pigment  diffused  out  into  tiie  water 
even  on  the  light  side  of  the  drop  where  the  'larvae  were  most 
densely  massed  due  to  their  strong  phototropism.  These  ex- 
periments were  repeated  and  in  no  case  were  results  obtained 
different  from  that  just  stated.  The  general  conclusion  is  to  be 
drawn  therefore,  that  radiation  does  not  cause  changes  in  the 
penneability  of  these  larvae,  or  that  any  chaises  so  caused  are 
too  slight  to  be  detected  by  this  method. 
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Artificial  parthenogenesis.  On  the  assumption  that  a  sub- 
stance  must  enter  ihe  egg  in  order  to  affect  it  (that  is,  the  per- 
meability of  the  plasma  membrane  must  be  changed)  Loeb  has 
su^ested  as  a  test  of  permeability  change  the  effectiveness  of  a 
substance  in  solution  in  causing  artificial  parthenogeaesis.  Arti- 
ficial parthenogenesis  ia  held  by  him  to  be  due  to  the  formation 
of  the  fertilization  membrane  which  in  its  turn  is  caused  by 
cytolysis  of  the  cortical  layer  of  the  egg  protoplasm.  Cytolyas 
would  imply,  therefore,  a  change  in  permeability  for  its  occur- 
rence. If  not  positively  proven,  this  theory  without  doubt 
serves  excellently  as  a  working  hypothesis  and  it  is  allowable  to 
proceed  on  that  assumption.  Experiments  looking  toward  the 
production  of  artificial  parthenogenesis  by  radiation  are,  there- 
fore, of  interest  in  this  connection. 

Bohn  reported  that  the  eggs  of  the  sea  urchin  were  more  easily 
fecundated  after  exposure  to  radium  rays  although  the  sperms 
were  rapidly  killed.  He  also  records  having  obtained  partheno- 
geneais.  "Si  enfin  on  expose  des  oeufs  non  f^cond^a  aux  rayons 
du  rsdimn,  certains  de  ces  oeufs  (2^4  pour  100)  ^voluent  sans 
le  concours  d'un  spermatozoide  (parthenogfin^se) ;  on  obtient 
des  embryons  irrdguliers,  en  general  des  demimorula  de  4  ou  8 
cellules  attach^ea  &  un  groa  blastom^re  subissant  rarement  une 
bipartition. "  The  small  percentage  of  embryos  obtained  and 
the  slight  extent  of  their  development  render  these  results  of 
doubtful  significance.  The  percentage  of  parthenogenetic  em- 
bryos of  sea  urchins  now  artificially  obtained  by  other  agencies 
are  so  lai^e  that  this  case  should  probably  be  rejected  at  least 
xmtil  it  has  been  verified  by  new  experiments. 

The  incomplete  parthenogenesis  described  by  the  Hertwigs  as 
the  result  of  radiation  by  radium  does  not  come  into  considera- 
tion here,  for  by  parthenogenesis  they  mean  only  the  development 
of  the  embryo  without  the  participation  of  the  sperm  nucleus. 
The  sperm  actually  entered  the  egg  but  was  prevented  from 
taking  part  in  subsequent  development  by  the  radiation.  But 
it  was  able  to  initiate  development  before  this  destructive  effect 
occurred,  and  it  is  the  initiation  of  development  with  which  we 
are  here  concerned. 
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The  writer  performed  a  number  of  experiments  to  see  whether 
X-radiation  could  be  used  as  a  means  of  inducing  development 
by  artificial  parthogenesis.  Loeb's  "improved  method  of  arti- 
ficial parthenogenesis  for  sea  urchins  (Artificial  Parthenogenesis  - 
and  Fertilisation,  p.  71)  consists  of  two  parts.  The  first  is  the 
treatment  with  the  parthenogenetic  agent,  e.g.,  50  cc.  sea  water  + 
2  cc.  -nt  butyric  acid  for  one  and  one-half  to  three  minutes;  the 
eggs  are  then  transferred  to  sea  water  for  about  a  quarter  of  an 
hour.  Then  the  "corrective,"  the  second  part  of  the  treatment 
was  given  by  transferring  the  ^gs  to  hypertonic  sea  water  (50  cc. 
sea  water  +  8  cc.  2^  m  NaCl)  for  twenty  to  twenty-five  minutes. 
There  are,  of  course,  many  other  methods  of  causii^  artificial 
parthenogenesis,  but  as  this  method  is  well  worked  out  and  iias 
become  a  standard,  which  is  almost  certain  to  give  results,  only 
it  and  modifications  of  it  were  tried  for  the  experimente  here 
described.  Perhaps  other  methods  might  have  given  results  of 
different  character  but  for  various  reasons  it  was  not  thought 
feasible  to  try  them.  Attempts  were  made  to  use  radiation  in 
place  of  both  the  first  and  second  treatments  just  described  and 
also  in  connection  with  certain  partheni^enetic  agents  to  ac- 
celerate or  retard  them  actively.  The  following  experiments 
are  selected  from  the  entire  number  performed  as  examples. 

EXPERDIBNTS  UPON  NEREIS  BOGS 

Jvly  2S,  3.15  p.m.  Radiated  Nereis  e^s  two  minutes  (Labelled  N,  2), 
kept  part  of  N.  2  for  control.  It  was  not  further  treated.  No  jelly 
nor  polar  body  had  been  formed  by  10  p.m.  next  day. 

3.34.  Put  second  part,  N,  2,  a,  in  spenn  suspension  (fertilized  with 
sperm  normally). 

4.50.     N.2.a  shows  beginning  of  cleavage  furrow. 

5.05.     Cleavage  furrow  nearly  complete, 

6.00.     Second  cleavage. 

July  2i.    10  a.m.  .  95  per  cent  normal  cUiated  embryos. 

July  23  3.34.  Put  third  part,  N.2.b,  m  KCl  ^  for  twenty  minutes. 
Then  divided  it  into  two  lots. 

3.54,    One  lot,  N.  2,  b  sp.,  was  fertilized  with  sperm  suspension. 

4.38.     N.  2,  b  sp,  showed  first  polar  body. 
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Jtdy  £4-  10  a.m.  Cytoplasmic  masses  somewhat  irregular  in 
character.     No  development. 

Jtdy  SS.  3.54.  Second  lot  of  N.  2.  b  placed  in  sea  water,  labeled 
N.  2.  b.  w. 

4.38,    N.  2.  b.  w.  showed  first  polar  body. 

Jxdy  S4,  10 ■a.m.  Cytoplasmic  masses  irregular  in  shape;  show 
"segregation."     No  parthenogenesis. 

July  ZS.  At  this  same  time  another  series  of  experiments  of  the 
same  character  were  performed  upon  other  e^^  of  the  same  lot.  These 
eggs  howererwereradiatedfifteenminutes,  beginningat3.15p.m.  (N.  15) 

Kept  part  of  N.  15  for  control.     It  was  not  further  treated. 

July  S4.     10  a.m.     No  jelly  or  polar  body  had  been  formed. 

3.35.    Put  part,  N.  15  a,  into  sperm  euspeoBion,  normal  fertilization. 

4.50,    N.  15  a.  shows  beginning  of  cleavage  furrow. 

5.05.    Cleavage  nearly  complete. 

6.00.    Four-cell  stage. 

July  g4-    10  a.m.    99  per  cent  normal  ciliated  embryos. 

July  23.  3.35.  Put  part  of  N.  15  into  KCl  J  for  twenty  minutes,  N. 
15  b.    These  eggs  were  divided  into  two  lots,  one  of  which  (N.  15.  b.  sp.) 

3.55.    Was  fertilized  with  sperm  suspension. 

4.38    N.  15.  b.  sp.  gave  off  first  polar  body. 

July  24.  10  a.m.  Cytoplasmic  masses,  slightly  irregular;  they 
show  little  segregation,  but  except  for  polar  bodies  give  no  evidence  of 
development. 

3.55.  Second  lot  of  N.  15.  b.  were  placed  in  sea  water.  N.  16.  b.  w. 
No  further  development  except  polar  body  formation,  as  in  N.  15.  b.  sp. 

At  the  time  when  these  experiments  were  set  up,  some  normal 
unradiated  ^gs  were  fertilized  with  xmradiated  sperm.  These 
(July  24,  10  a.m,)  were  all  alive,  were  swimming  more  rapidly, 
and  were  in  a  healthier  condition  than  any  of  the  experiment, 
even  N.  2.  a.  and  N.  15.  a.  Samples  of  these  as  well  as  of  N.  2.  a. 
and  N.  15.  a.  were  fixed. 

Thus  the  radiation  did  not  prove  effective  as  a  means  of  start- 
ing development  in  these  experiments. 

To  secure  parthent^enetic  development  in  Nereis,  the  first 
step  is  to  cause  the  fonnation  of  the  egg  jelly.  There  are  various 
methods  of  accomplishing  this,  but  the  one  used  in  a  set  of  experi- 
ments to  be  described  here  in  which  jelly  formation  was  brought 
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about  before  radiation  of  the  eggs,  is  to  be  credited,  I  believe,  to 
E.  E.  Just  (whose  work  is  as  yet  unpublished). 

The  eggs  were  heated  to  35  degrees  in  water  for  five  minutes. 
This  caused  the  jelly  to  form..  The  e^s  were  then  radiated,  part 
for  two  minutes  and  part  for  fifteen  minutes.  This  treatment 
ended  at  3.31  p.m.  At  the  end  of  the  radiation  irregular  mem- 
branes were  to  be  seen  about  the  e^^.  The  germinal  vesicles 
did  not  show.  When  observed  at  3.55  the  first  polar  body  had 
been  formed  in  both  and  dve  minutes  later  the  second  was  given 
off. 

At  6.00  p.m.  "segr^ation"  bad  begun'.  Some  had  divided 
irregularly  once  and  then  begun  segregation.  The  same  con- 
ditions were  met  with  in  both  radiations. 

Some  of  these  eggs  had  been  mixed  with  sperm  after  radiation 
but  aa  the  jelly  had  been  formed  the  sperm  were  imable  to  enter 
and  development  had  not  followed.  At  6.00  p.m.  these,  too 
showed  segregation. 

The  experiments  given  are  typical  for  Nereis.  I  was  never 
able  to  secure  results  fundamentally  different  from  the  above. 
They  point  to  the  conclusion  that  X-radiation  is  not  an  effective 
means  of  producing  artificial  parthenogenesis  either  in  a  first 
or  second  treatment  for  Nereis. 

[Note.  In  this  connection  it  may  be  well  to  call  attention  to 
ih.e  commonly  observed  fact  that  Nereis  eggs  when  first  shed 
are  very  irregular  in  shape,  owing  doubtless  to  their  crowded 
condition  in  the  animal's  body.  In  the  sea  water  they  round  up 
and  finally  take  on  the  characteristic  shape.  The  phenomena 
shown  here  and  those  concerned  with  the  cortical  changes  sub- 
sequent to  fertihzation  indicate  that  the  membrane  is  "permeable 
for  both  crystalloids  and  colloids  at  this  time."  (Lilhe,  F.  R.) 
If  freshly  shed  eggs  be  radiated  (whether  immediately  fertilized 
or  not)  and  carefully  observed  in  comparison  with  non-radiated 
e^s  it  will  be  seen  that  the  changes  in  shape  occur  at  exactly 
the  same  time  in  the  two  lots.  If  any  change  in  permeability 
resulted  from  the  radiation  it  could  scarcely  be  that  both  lots 
should  round  up  at  once,  or  as  is  the  observed  fact  that  the  jelly 
in  the  fertihzed  eggs  should  be  extruded  in  both  radiated  and 
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unradiated  eggs  simultaDeously.  These  observations  have  been 
repeatedly  made  and  are  in  line  with  the  evidence  from  other 
experiments  that  radiation  does  not  cause  permeability  changes.} 

EXPERIMENTS   ON  ARBACIA 

July  29.    9.06.    Arbacia  eirgs  were  radiated  for  two  minutes.    (A  2.) 

9.11.    OtherB  of  same  lot  were  radiated' for  fifteen  minutes.    (A  15). 

9.33.  Both  lots  were  treated  with  hypertonic  sea  water  (50  parts 
sea  water  plus  8  parts  2\  u.  NaCl)  for  twenty  minutes  and  then  trans- 
ferred to  sea-water. 

10.00.  When  observed  at  this  time  a  few  eggs  in  each  lot  had  given 
off  [K)lar  bodies. 

11.00.  A  15.  Membranes  not  formed.  But  one  case  of  cleavage 
was  observed. 

2.30.  A  2.  Sbc  eggs  of  the  entire  lot  were  observed  to  have  divided 
irregularly. 

A  15.    Five  eggs  of  the  entire  lot  had  divided. 

Jvly  SO.  A  2.  Around  the  outside  of  the  dish  there  were  perhaps 
1)  per  cent  of  swimming  blastulae;  in  the  center  of  the  dish  where  the 
e^s  were  somewhat  more  numerous  there  were  no  Bwimming  embryos. 
Of  the  whole  lot  not  more  than  2  per  cent  were  swimming.  Throiigh 
the  dish  there  were  a  few  fused  masses  which  had  Imt  their  pigment 
but  could  swim  about  slowly.  Membranes  had  not  been  formed  on 
the  eggs  which  did  not  divide. 

A  15.  Only  one  swimming  blastula  observed  in  dish  which  contained 
quite  a  large  number  of  eggs.     There  were  no  fusions  in  this  dish. 

July  SI,    All  had  disintegrated. 

2  p.m.     Some  were  left  standing  untreated  for  a  control. 

Attffust  2.  3  pjn.  About  10  per  cent  had  divided  once  or  twioe 
and  disintegrated.     No  membranes  were  formed. 

This  small  number  of  living  embryos  might  be  explained  as 
the  result  of  several  things.  It  might  be  thought  that  a  few 
sperm  in  the  dish  caused  the  development  of  these  e^s,  but  the 
most  careful  precautions  were  taken  to  prevent  introduction  of 
sperm  and  the  writer  cannot  beheve  that  these  few  eggs  were 
fertilized  with  sperm.  The  length  of  time  elapsing  before  division 
is  what  would  be  expected  for  parthenogeneticaily  produced 
larvae  rather  than  after  normal  fertilization.     It  is  also  possible 
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that  these  larvae  are  to  be  explained,  as  in  the  case  recorded  by 
Bohn,  as  the  result  of  radiation.  But  Loeb  has  shown  that  hyper- 
taaie  sea  water  itself,  without  further  treatment  will  cause  develop- 
ment in  some  instances.  I  have  also  found  a  few  cases  of  division 
in  other  experiments  caused  by  this  treatment  alone.  In  view  of 
this  fact  and  because  of  the  small  number  occurring  in  the  dishes, 
it  is  not  justifiable  to  conclude  that  radiation  will  serve  as  the 
first  factor  in  causit^  parthenogenetic  development. 

Other  experiments  were  performed  to  find  whether  radiation 
could  be  made  to  serve  as  a  second  factor.  On  August  1  a  aeries 
of  experiments  was  set  up  from  the  same  lot  of  eggs. 

August  1.  2  p.m.  Some  were  treated  with  hypertonic  sea  water 
for  twenty  minutes  and  then  transferred  to  sea  water. 

Atigual  $.  3  p.m.  No  membranes  had  been  formed.  About 
5  per  cent  had  divided  once  or  twice  irregularly  and  disintegrated. 

Attffuat  1.  2  p.m.  Other  eggs  were  divided  into  two  lots  after 
having  been  treated  for  twenty  minutes  with  hypertonic  sea  water. 

One  pfirt  (A  2)  was  radiated  for  two  minutes,  and  the  other  (A  15) 
for  fifteen  minutes. 

August  S.  3  p.m.  In  both  A  2  and  A  15  fewer  of  the  eggs  had 
disintegrated  than  in  the  other  experiments  of  this  set,  just  mentioned. 
A  few  irregular  divisions  had  occurred.  No  embryos,  living  or  dead, 
were  present  in  the  dishes. 

Some  of  these  e^s  were  radiated  two  minutes.  Half  were 
then  treated  with  the  hypertonic  sea  water.  On  the  next  day 
the  following  observations  were  made:  half -disintegrated,  no 
membranes,  some  three-celled  eggs,  no  blastulae. 

The  other  half  were  radiated  but  not  given  any  subsequent 
treatment.  No  blastula  had  developed  next  day  and  there  was  a 
general  disintegration  of  the  eggs. 

Similarly,  some  e^s  were  radiated  for  fifteen  minutes.  There 
were  only  a  few  irregular  divisions  next  day  and  most  of  the  e^s 
in  both  parts  of  this  lot  (those  treated  and  those  not  treated  with 
hypertonic  sea  water)  were  disintegrated. 

It  is  unnecessary  to  give  further  experiments.  These  will 
serve  to  show  that  the  writer  was  unable  to  produce  artjficiaj 
parthenogenesis  in  sea-urchin  eggs. 
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BXPERIMBNT8  WITH  ASTBRIA8 

It  is  in  general  easier  to  produce  artificial  parthenogenesis  in 
star  fish  e^s  than  in  those  of  the  sea-urchin,  and  Loeb's  findir^ 
should  be  noted,  that  "the  starfish  eggs  differ  from  those  of  the 
sea-urchin  in  this,  that  they  do  not  depend  upon  the  second 
corrective  factor  with  the  same  degree  of  necessity."  Hence, 
attention  was  turned  to  this  form,  for  if  there  is  any  hope  of  pro- 
ducing artificial  parthenogenesis  with  radiation  that  result  should 
be  obtained  here. 

Eggs  were  taken  fr(»n  a  starfish  and  divided  into  lots,  these 
lots' were  treated  as  follows: 

1.  E^s  were  left  without  treatment  of  any  kind. 

2.  Eggs  were  radiated  for  two  minutes,  then  seventeen  minutes 
later  were  treated  with  hypertonic  sea  water  for  twenty  minutes.  . 

3.  Eggs  were  radiated  two  minutes.     No  subsequent  treatment. 

4.  E(^  were  radiated  fifteen  minutes,  then  treated  for  twenty 
minutes  with  hypertonic  sea  water. 

5.  Eggs  were  radiated  fifteen  minutes.  No  subsequent  treat- 
ment. 

6.  Eggs  were  treated  twenty  minutes  with  hypertonic  sea 
water.    They  were  not  radiated. 

7.  Eggs  were  treated  as  in  6  and  then  radiated  for  two  minutes. 

8.  Eggs  were  treated  as  in  6  and  then  radiated  for  ten  minutes. 
The  observations  on  these  experiments  made  next  day  were 

as  follows; 

1.  Membranes  had  formed,  but  there  was  no  further  result. 

2.  Some  eggs  had  irregular  membranes.  There  were  no  cases 
of  division. 

3.  Disintegration  had  taken  place.  There  were  no  membranes 
and  no  signs  of  division. 

4.  No  evidences  of  division  except  a  few  small  cells  which 
looked  like  isolated  blastomeres."  One  egg  had  a  divided  nucleus 
but  showed  no  cytoplasmic  constriction. 

5.  Disintegration  had  occurred.  There  were  no  membranes 
and  no  divisions. 

6.  Less  disintegration  was  observed  than  in  the  preceding  case. 
There  were  a  few  small  cells. 
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7.  Membranes  were  formed  here;  there  were  a  few  unsuccess* 
ful  attempts  at  division,  but  none  were  complete. 

8.  This  dish  showed  some  membranes,  some  disintegration, 
but  no  signs  of  division. 

Eggs  from  this  same  female  when  fertilized  with  sperm  gave 
over  25  per  cent  normal  swimming  embyros,  uniformly  developed. 

Thus  no  artificial  parthenogenesis  was  obtained  with  starfish 
eggs. 

It  is,  of  course,  impossible  to  assert  that  artificial  partheno- 
genesis cannot  be  brought  about  using  X-radiation  as  a  means 
until  every  one  of  the  lor^  series  of  agents  aJready  known  with 
which  the  radiation  might  be  tried  shall  have  been  used;  and  the 
present  experiments  make  no  claims  of  being  an  exhaustive 
attempt  at  this  end.  Rather  the  experiments  here  made  were 
modifications  of  methods  ordinarily  successful.  Yet  it  seems 
that  if  artificial  parthent^enesis-  can  be  produced  in  this  way, 
these  experiments  should  have  pven  more  indication  of  it.  When 
viewed  in  the  light  of  conclusions  from  other  experiments  aimed 
at  detecting  penneabifity  changes,  the  failure  to  produce  partheno- 
genesis by  this  means  seems  significant. 

On  the  basis,  therefore,  of  the  hypothesis  current  at  this  time 
that  the  initiation  of  division  with  which  artificial  parthenogenesis 
starts  is  due  to  changes  in  the  permeabihty  of  the  plasma  mem- 
brane to  cytolysing  agents,  the  experiments  to  determine  whether 
e^s  can  be  induced  to  develop  in  this  manner  give  evidence 
with  their  negative  results  for  the  conclusion  that  radiation  does 
not  cause  any  changes  of  importance  in  the  egg's  permeability.  - 

In  this  connection  a  late  communication  by  Loeb  is  of  con- 
siderable interest.  In  accordance  with  his  view  that  cytolytic 
agents  produce  artificial  parthenogensis,  Loeb  tried  the  effect 
of  ultra  violet  light  upon  Arbacia  eggs.  He  succeeded  in  obtain- 
ing by  this  means  in  some  cases  fertilization  membranes.  With- 
out further  treatment,  the  eggs  under-went  cytolysis  without 
segmentation;  if  the  temperature  was  lowered,  some  divided  once 
or  twice  before  cytolysis  occurred;  "when  the  e^s  were  put  for 
twenty  minutes  into  hypertonic  sea  water,  about  ten  minutes 
after  the  treatment  with  ultra  violet  light,  they  developed  into 
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larvae,"  but  scarcely  went  beyond  the  gastnila  stage.  Chae- 
toptenis  e^s  exposed  from  five  to  ten  minutes  developed  into 
.  swimming  larvae  without  cell  division.  He  expects  Roentgen 
rays  also  to  cause  membrane  formation  since  they  too  cause 
cytolysis.     I  have  already  noted  cytolysis  for  starfish  eggs. 

The  evidence  from  my  experiments  is  hardly  in  agreement 
with  Loeb's  interpretation  of  his  observations.  It  may  be  that 
the  intensity  of  the  rays  which  could  be  produced  with  my 
apparatus  was  not  comparable  with  that  of  the  ultra  violet 
light,  or  that  the  two  kinds  of  rays  are  not  physiologically  equiv- 
alent; but  my  experiments  do  not  justify  the  hope  that  X-rays 
can  be  used  as  a  means  of  producing  artificial  parthenogenesis. 
One  cannot  avoid  raising  the  question,  doubtless  considered  by 
Loeb  himself,  whether  it  was  the  ultra  violet  light  which  actu- 
ally caused  the  parthenogenesis,  in  view  of  the  fact  that  he 
has  already  shown  that  hypertonic  sea  water  is  enough  to  catise 
parthenogenetic  development  in  starfish  eggs,  although  he,  to  be 
sure,  used  sea  urchin  eggs  for  these  experiments. 

TAe  indicator  method.  The  indicator  method  for  recognizing 
permeabihty  changes  has  been  made  use  of  by  various  investi- 
gators but  particularly  by  Harvey  who  has  dicusssed  it  at  length. 
The  test  is  a  more  dehcate  one  and  the  evidence  given  by  it  is 
of  more  value  than  that  by  either  of  the  lines  of  investigation 
just  discussed.  The  method  involves  the  staining  of  the  cells, 
starfish  e^s  in  this  case,  with  an  intra  vitam  stain,  which  is 
sensitive  to  aklah,  to  act  as  an  indicator,  e.g.,  neutral  red.  When 
the  concentration  of  the  alkali  is  great  enough  or  the  permea- 
bihty of  the  plasma  membrane  is  increased  so  that  the  alkah* 
may  enter,  its  presence  in  the  ^g  is  indicated  by  a  change  of 
color  from  red  to  yellow. 

It  is  true  that  when  the  alkali  *enters  the  egg  it  kills  it  and  for 
this  reason  the  method  has  been  criticised;  it  has  also  been  urged 
that  the  proteins  in  the  cells  as  well  as  other  substances  present 
may  influence  the  color  change  so  that  it  becomes  inaccurate 
ftnd  unreliable  as  a  test  of  the  rate  of  penetration  of  the  dissolved 
substance  into  the  cell.  What  the  test  really  shows  is  the  resist- 
ance of  the  cell  to  the  entrance  of  the  alkali.     These  criticisms 
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have  been  considered  by  Harvey  ('13)  and  he  reaches  the  con- 
clusioD  as  the  result  of  renewed  experiment  that  "the  indicator 
method  for  the  detection  of  alkaU  within  the  cell  is  therefore  a  . 
perfectly  adequate  one."  The  alkali  acts  upon  the  surface  of 
the  cell  changing  the  permeability  before  it  enters  and  kills  the 
cell  body.  And  the  difference  in  the  rapidity  with  which  the 
color  change  takes  place  for  two  alkalies  indicates  a  difference 
in  the  permeability  of  the  plasma  membrane  to  the  different 
alkalies. 

The  method  for  testing  the  present  problem  consists  of  finding 
the  lowest  concentration  of  the  alkah  (NaOH)  which  will  just 
cause  the  color  change.  If  radiation  of  the  egg  will  cause  increase 
in  permeability,  a  less  concentration  of  tbe  alkali  will  then  enter 
and  the  color  change  be  brought  about. 

Starfish  eggs  which  had  been  standing  for  some  time  (about 
1  hour)  were  stained  with  neutral  red.  The  eggs  were  divided 
into  lots  and  three  of  them  exposed  to  X-radiation  for  two, 
five  and  fifteen  minutes.  They  were  then  tested  with  a  solution 
of  Bodirnn  hydrate  in  magnesium  free  sea  water.  (Of  ^  m.  -solu- 
tions of  NaCl,  KCl,  and  CaCl,  100  parts  of  NaCl,  2.2  of  KCl 
and  2  of  CaCl  were  taken  for  the  sea  water.)  The  sodium  hy- 
drate was  diluted  to  the  concentrations  of  too,  tto,  tSu,  and  jhr, 
and  the  solutions  were  used  to  test  first  tiie  control  eggs  (stained, 
but  not  radiated.)  Between  tit  and  t5o  was  Hie  concentration 
which  caused  the  color  change.  To  test  the  radiated  ^gs,  it  was 
necessary  therefore  to  use  only  the  concentration  of  jJr  and  -m. 
Immediately  after  radiation  the  same  experiments  were  made  on 
•all  of  the  lota  radiated  and  no  difference  was  detected  in  their 
reaction  to  the  test.    The  same  result  was  observed  for  all. 

The  ihi  solution  did  not  cause  any  change  in  the  control,  a 
fresh  lot  of  which  was  compared  with  every  lot  of  radiated  eggs, 
and  neither  this  nor  the  -g^  caused  a  color  change  which  was 
visible  against  white  paper,  but  upon  examining  the  experiment 
under  the  microscope  the  observer  .thought  he  detected  a  faint 
yellow  "halo"  appearing  around  the  eggs  with  the  first  and  per; 
haps  to  a  less  degree  with  both  solutions.  The  reaction,  bow- 
ever,  was  not  of  decisive  character.    Later  the  eggs  faded  and 
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died.  Increase  in  permeability  cannot  be  said  to  be  positively 
indicated  by  this  method,  but  if  the  results  are  to  be  interpreted 
as  favoring  its  occurrence,  certainly  the  increase  is  a  slight  one. 

This  test  was  repeated  upon  these  same  eggs  about  four  hours 
later.  No  difference  in  reaction,  could  be  observed,  indicating 
that  if  the  radiation  caused  any  increase  it  was  not  a  permanent 
one. 

The  experiment  when  repeated  upon  the  e^s  which  had  stood 
four  hours  gave  a  similar  result,  although  the  yellow  "halo" 
could  now  be  seen  about  a  very  few  of  the  control  eggs  when 
tested  with  the  solutions  of  lesser  concentration,  suggesting 
perhaps,  that  the  longer  interval  which  elafeed  before  they  were  . 
used  had  shghtly  lessened  their  resistance  to  the  penetration  of 
the  NaOH. 

The  experiments  ind  others  which  were  like  them  on  other 
days  gave  exactly  similar  results  and  established  the  fact  that 
no  marked  change  in  the  i>ermeabiUty  of  the  ■  eggs  to  NaOH 
followed  the  radiation,  but  it  left  open  the  question  as  to  whether 
slight  changes  might  not  be  caused  which  would  account  for  the 
sUght  yellow  "halo."  In  order  to  iilvestigate  this  latter  point 
a  new  series  of  experiments  was  performed  exactly  as  before  ex- 
cept that  the  stained  eggs  were  mixed  with  a  suspension  of  Chinese 
ink  to  bring  out  the  jelly  layer  and  to  give  a  background  against 
which  to  study  refraction  effects.  The  details  of  'the  experiment 
need  not  be  given  for  the  most  psunstaking  observation  showed 
no  stain  in  the  jelly  and  no  change  in  the  color  of  the  radiated 
eggs  where  exactly  the  same  changes  could  not  be  demonstrated 
in  the  controls.  If  the  concentration  of  the  NaOH  solution  was 
sufficient  to  penetrate  the  radiated  e^s  it  was  also  sufficient 
to  penetrate  the  control.  This  observation  also  led  to  the  opin- 
ion that  the  "halo"  was  due  to  some  other  cause  than  radiation. 
No  differences  existed  in  the  reactions  of  the  two  lots  of  e^s. 

These  observations  all  go  to  show  that  the  radiation  causes  no 
change  in  the  resistance-  of  the  membrane  to  the  entrance  of  the 
alkali,  and  indicate  no  increase  in  permeability. 

Elodea  cells.  The  fourth  method  available  for  the  investi- 
gation and  the  method  upon  which  most  confidence  is  placed 
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is  a  direct  application  of  Harvey's  experiments  on  Elodea  leaves. 
This,  it  will  be  seen,  is  in  principle  the  same  as  the  test  just  pre- 
ceeding.  Elodea  leaves  which  are  mostly  only  two  cells  thick 
and,  therefore,  quite  transparent,  take  up  neutral  red  from  a 
solution  until  they  are  quite  red  in  appearance.  The  reasons 
for  choosing  Elodea  are  given  in  Harvey's  paper.  As  he  notes, 
the  stain  penetrates  the  cytoplasm  and  collects  as  a  red  solution 
in  the  sap  vacuale,  indicating  a  slight  acidity  of  the  sap.  The 
cytoplasm  and  cell  walls  are  usually  left  unstained.  In  this 
condition  the  leaves  form  excellent  objects  for  the  study  of  the 
penetration  of  various  solutions.  Many  of  Harvey's  experi- 
.  ments  the  writer  has  verified;  only  that  part  which  bears  on  the 
present  problem  is  here  discussed. 

Harvey  found  that  weak  alkalies  (NH40H  and  the  amines) 
penetrate  very  rapidly  while  the  strong  "(NaOH,  KOH,  etc.) 
experience  resistance  in  entering.  He  further  found  that  the 
entrance  of  the  strong  alkalies  is  facilitated  by  the  addition  of 
other  substances  (as  chloroform,  ether,  urea,  etc.)  in  small 
amounts.  The  completion  of  the  reaction  is  shown  by  the  "de- 
colorization, ".  the  change  trom  red  to  yellow  of  the  leaves,  and 
the  reaction  is  a  fairly  sharp  one.  Red  stained  leaves  were 
decolorized  on  the  average  in  nineteen  minutes  in  ^  KOH  +  j 
urea  in  distilled  water.  If,  now,  radiation  caused  change  in  the 
permeability  of  this  cell  there  should  be  a  difference  in  the  times 
of  decolorization  of  the  radiated  and  non-radiated  leaves. 

Of  all  the  alkalies  tried,  a  solution  of  -^  KOH  +  J  urea  gave 
the  most  clearly  cut  reaction.  Red  stained  leaves  were  placed 
in  this  solution  immediately  after  being  radiated  for  varying 
lengths  of  time  of  from  two  to  fifteen  minutes  duration.  Whole 
leaves  were  tested;  they  were  taken  from  the  same  or  adjoining 
whorls,  for  Harvey  has  shown  that  widely  separated  leaves  or 
those  from  different  branches  are  not  comparable.  In  no  case 
could  there  be  distinguished  any  difference  in  the  time  required 
for  the  decolorization  of  the  non-radiated  control  leaves,  the 
short  and  the  long  radiated  ones.  The  average  time  required, 
according  to  my  experiments  (and  this  is  in  agreement  with 
Harvey's  data)    is  nineteen  minutes.     In   a  variation  of  this 
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experiment  the  red  stained  leaves  were  placed  under  the  X-ray 
tube  while  in  the  alkali  solution.  Even  the  constant  radiation 
during  the  action  of  the  alkah  on  the  leaves  did  not  cause  any 
difference  in  the  time  necessary  for  penetration  as  indicated  by 
the  decolorization  of  the  leaves.  Repeated  trials  of  these  experi- 
ments have  &.ven  exactly  the  same  results.  The  rate  and  pene- 
tration of  this  solution  into  the  Elodea  leaves  is  not  changed  under 
the  influence  of  radiation.  The  conditions  are  the  same  where 
the  alkaU  acts  without  the,  added  substance.  Only  a  longer 
time  is  required  for  the  penetration. 

Other  of  the  stronger  alkalies  act  in  the  same  way.  It  is 
impossible  to  distinguish  any  difference  in  the  rat«  of  penetration 
into  radiated  and  non-radiated  leaves. 

Only  thirty  seconds  are  required  for  the  penetration  of 
^  NH,OH  into  Elodea  cells.  Radiated  leaves  also  are  decolor- 
ized in  the  same  time. 

The  entire  series  of  experiments  on  the  relative  rates  of  pene- 
tration of  varioiu  alkalies  into  red  stained  Elodea  cells  gave 
uniformly  the  same  result:  the  radiation  whether  shorter  or 
longer  does  not  influence  the  rate;  or,  in  other  words,  the  radi- 
ation brings  about  no  changes  in  the  permeability  of  the  cells 
for  the  alkaUes  under  investigation. 

Conclusion  and  discussion.  The  experiments  which  have  been 
set  forth  all  warrant  the  conclusion  that  the  effects  which  are 
described  by  numerous  workers  as  the  result  of  exposure  to 
X-rays  are  not  to  be  attributed  to  permeability  changes  caused 
by  the  radiation.  Arenicola  embryos  do  not  exude  pigment 
under  the  influence  of  the  radiation.  It  has  not  been  found 
possible  to  induce  artificial  parthenogenesis  with  X-rays  used 
either  as  a  first  or  a  second  treatment;  according  to  current  inter- 
pretations artificial  parthenogenesis  implies  changes  in  per- 
meability. Starfish  eggs  stained  in  neutral  red  are  decolorized 
equally  rapidly  by  sodium  hydrate  whether  or  not  they  have 
been  radiated;  and  the  same  thing' is  true  of  Elodea  leaves  and 
KOH.  Evidence  from  all  these  lines  is  in  perfect  agreement  as 
indicating  that  no  permeabiUty  changes  are  caused  by  the  radi- 
ation. The  experiments  from  which  the  evidence  is  drawn 
included  only  a  limited  number  of  substances,  it  is  true,  and  no 
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sweeping  generalizations  may  be  made  from  them;  but  the 
conclusion  is  clear  that  for  the  substances  used  no  change  in  the 
permeabiUty  of  the  plasma  membranes  is  brought  about  by 
X-radiation.  To  assume  such  changes  for  other  substances  is 
not  warranted  by  the  evidence  at  hand. 

Gager's  experiments  perhaps  bear  on  this  problem  somewhat. 
He  reports  that  he  obtained  only  negative  results  with  r^;ard 
to  the  eEFect  of  radium  rays  on  osmosis,  tui^dity,  and  conse- 
quent cell  enlai^ement. 

While  there  are  certain  analc^es  as  mentioned  earlier  for  the 
causation  of  permeability  changes  by  radiation,  there  are  at  least 
two  facte  of  conmion  clinical  experience  which  would  not  lead 
to  that  expectation.  First,  protoplasm  is  transparent  to  X-rays; 
the  surface  of  the  cell  does  not  present  an  obstacle  to  the  passage 
of  the  rays,  which  on  the  contrary  are  able  to  act  some  distance' 
from  the  surface  of  a  tissue  mass.  This,  of  course,  does  not 
preclude  the  possibihty  of  changes  in  permeabihty  being  induced, 
but  it  indicates  that  the  changes  are  not  necessary  to  the  action 
of  the  rays.  Second,  the  rays  are  able  to  act  on  cells  and  tissues 
which  are  not  bathed  by  solution.  For  example,  extensive  in- 
juries on  the  skin  are  caused  by  exposure  to  the  rays  and  they 
clearly  do  not  depend  on  the  entrance  of  anything  to  which 
plasma  membranes  are  permeable  into  the  cells.  Neither  of 
these  facts  precludes  the  possibility  of  permeability  xshanges, 
but  both  are  consistent  with  the  idea  that  such  changes  do  not 
occur  following  radiation. 

The  trend  of  physiological  investigations  in  recent  years  has 
been  away  from  the  idea  that  particular  agencies  of  experiment 
cause  specific  effects  on  organisms ;  that  is,  the  same  experimental 
result  can  often  be  gotten  by  various  means,  as  is  illustrated  by 
the  work  on  artificial  parthenogenesis.  On  the  other  hand, 
some,  at  least,  of  the  effects  of  radiation  seem  of  a  different 
character  from  those  of  other  agencies.  Now  many  of  the  vari- 
ous means  used  for  causing  departures  from  the  normal  cycle 
of  events  in  organisms  are  known  to  act  by  causing  permeability 
changes.  It  seems  not  illogical  to  surest  that  the  apparent 
specificity  of  radiation,  in  so  far  as  it  is  real,  may  be  due  to  the 
fact  that  it  does  not  cause  such  changes,  and  is  not  able  there- 
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fore  to  set  up  the  same  series  of  processes  of  cytolysis  and  the 
hke  as  takes  place  following  action  by  the  more  familiar  agencies. 
Since  experimental  investigation  does  not  warrant  the  con- 
clusion that  radiation  acts  by  causing  changes  in  the  permeability 
of  cells,  we  must  look  to  other  causes  for  explanation  of  its  effects. 
The  Hertw^  and  others  have  shown  that  chromatin  is  injured 
by  tiie  rays  and  it  has  also  been  proven  possible  to  effect  the  activ- 
ity of  enzymes  by  radiation.  Packard  has  even  suggested  that 
the  chromatin  injuries  are  due  indirectly  to  the  effect  on  cell 
enzymes,  and  Miss  Woodward  and  the  writer  have  estabhshed 
the  capacity  of  X-rays  to  modify  the  activity  of  the  e^  extractive, 
fertilizin.  The  evidence  available  at  the  present  time  points 
to  a  theory  of  enzyme  modification  as  the  best  explanation  of 
the  effects  of  radioactivity  upon  the  structure  and  functions  of 
protoplasm. 
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In  1910  the  writer  questioned  the  belief  that  both  the  arterial 
tonus  and  the  vasomotor  reflexes  are  controlled  by  the  same 
master  cells,  the  so-called  vasomotor  centre.  He  pointed  out  that 
this  conception  was  purely  an  hypothesis — a  far-reaching  hy- 
pothesis, for  if  the  vasotonic  and  the  vasoreflex  centre  are  identical, 
the  measurement  of  the  vasomotor  reflexes  will  reveal  the  con- 
dition of  the  apparatus  for  the  maintenance  of  both  functions, 

the  tonus  as  well  as  the  reflexes.  

In  that  investigation'  two  methods  were  used  to  test  the  truth 
of  the  hypothesis.  These  methods  indicated  that  the  tonus  and 
the  reflexes  were  not  controlled  by  the  same  nerve  centre.  Indeed 
■  they  seemed  to  indicate  that  the  bulbar  cells  did  not  modify 
the  vasomotor  reflexes.  Yet  the  investigator  expressly  declined 
to  go  further  than  the  conclusion  that  his  work  marked  the  specu- 
lative character  of  the  hypothesis  under  examination  and  showed 
the  need  of  further  research  to  justify  its  acceptance. 

This  caution  was  well  grounded.  The  problem  in  hand  must 
at  present  be  classed  with  those  upon  which  a  working  decision 
should  be  made  but  which  apparently  cannot  be  decided  by  a 
crucial  experiment.  In  such  cases  we  must  weigh  the  evidence 
pro  and  con  and  take  the  more  probable  side.  The  degree  of 
probability  depends  naturally  on  the  character  of  the  obser- 
vations and  on  the  number  of  experimental  methods  that  can  be 
made  to  converge  on  the  point  attacked.    In  the  previous 

'  W.  T.  Porter.    This  journal,  1910,  xxvii,  p.  276. 
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investigation  but  two  methods  were  employed  and  their  combined 
evidence  was  far  from  being  conclusive.  It  was  for  these  reasons 
that  the  writer  r^erved  judgment. 

The  present  communication  brings  forward  a  third  method, 
the  results  from  which  agree  with  those  from  the  first  and  second 
methods  in  that  they  apparently  separate  a  vasotonic  and  a 
vasoreflex  centre  but  differ  in  that  the  third  method  shows  the 
reflexes  actively  affected  by  the  condition  of  the  vasoreflex  centre. 


The  method  now  offered  consists  in  applying  a  single  reagent 
to  the  aUeged  single  vasomotor  centre.  If  the  centre  be  indeed 
single,  the  changes  produced  by  the  reagent  in  the  two  functions 
of  the  centre  should  be  in  the  same  direction.  When  the  reagent 
increases  the  tonus  it  should  also  increase  the  reflex.  If  both 
reflex  and  tonus  are  the  results  of  the  energy  of  one  and  the  same 
nerve  cell,  both  functions  should  be  augmented  or  depressed  as 
the  energy  of  the  cell  is  augmented  or  depressed.  But  curare, 
the  reagent  employed  in  these  experiments,  does  not  produce 
this  reaction.  It  can  be  so  administered  that  one  of  these  fimc- 
tions  is  altered  while  the  other  is  unaltered  or  is  altered  in  the 
opposite  direction,  Qurare  thus  separates  the  vasoreflex  from 
the  vasotonic  function. 


The  experiments  were  performed  on  cats  and  rabbits.  Follow- 
ing are  typical  protocols,  selected  from  sixteen  successful  animals. 

Experiment  November  6, 1914.  I-  In  an  etberiEed  cat  the  carotid  blood 
preBsure  was  recorded  with  a  membraDC  manometer,  the  graduation 
scale  of  which  is  shown  ia  figure  1.  At  2.10  p.m.  curare  was  given  by 
the  external  jugular  vein  and  the  central  end  of  the  divided  sciatic 
nerve  was  stimulated  at  intervals  of  five  minutes.  The  secondary  cur- 
rent was  distinct  when  the  electrodes  were  placed  on  the  toi^ue.  The 
sciatic  reflex  rose  from  30  to  6()  nun.  whUe  the  tonus  scarcely  varied. 

II.  At  3.30  p.m.  the  cat  had  excreted  the  greater  part  of  the  curare 
and  the  experiment  was  repeated.  Curare  was  agun  injected  and  the 
sciatic  nerve  was  stimulated  at  ten-minute  intervals.    The  result  is 
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Fig.  1.  About  nine-tenths  the  origiiial  sise.  Carotid  pressure  in  the  cat, 
November  6,  1914,  after  the  injection  of  ourare.  The  sciatic  nerve  wu  stimu- 
lated at  intervals  of  ten  minutes.  The  reflex  rise  inoreasea  greatl]',  while  the  tonus 
remains  almost  unchanged. 


Fig.  3.  About  four-fiftha  the  original  size.  The  carotid  pressure  in  the  rab- 
bit after  the  injection  of  curare.  Reading  from  left  to  right,  the  depressor  nerve 
was  stimulated  at  3,  3.05,  3.15  and  3.25  p.m.,  November  20,  -1914,  and  in  another 
rabbit  at  10.31,  10.51  and  11.11  a.m.,  November  19.  The  depressor  reflex  greatly 
increases,  while  the  tonus  is  little  changed. 
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shown  in  figure  1.  The  curare  caused  the  tonus  to  fall  from  108  to 
90  mm.,  at  which  level  it  remained  almost  constant;  the  reflex  diminished 
from  42  to  30  nmi.  and  then  increased  to  67  mm.'  The  individual  measure- 
ments in  this  and  the  two  following  experiments  are  shown  in  table  1. 


The  carotid  blood  pressvTe  before  and  dvring  slimulalion  of  the  sciatic  and  the 
depressor  nerve  al  successive  intervals  of  5  or  10  minMtes  following  Ike  ir^eetion 
of  curare 


Xovembere ,    110      140      30      November  19. . , 


110  lol  41 

110  155  45 

111  154  43 
110  ,  158  48 
110  '  150  40 


148  I  42  '  November  20.. 


flOl 

143 

951 

141 

Wi 

157 

108      160      52 


II  \-f 


Experiment  November. 19,  1914-  The  carotid  pressure  of  a  rabbit 
was  recorded.  At  10.25  a.m.  the  depressor  nerve  was  stimulated.  At 
10.26  curare  was  injected.  At  10.31  and  every  ten  minutes  thereafter 
until  11.31  a.m.,  the  depressor  nerve  was  again  stimulated.     On  the 

■  In  order  to  shorten  figure  1,  the  k3anoKraph  waa  stopped  an  instant  alter  the 
reflex  rise  began  and  was  released  an  instant  before  the  maximum  rise  was  obtained. 


db,Google 


422  W.   T.   PORTEB 

right  hand  side  of  figure  2  are  shown  the  reflexes  obtained  at  10.31, 
10.51,  and  11.11  a.in. 

In  this  experiment,  the  tonus  remained  almost  constant,  while  the 
depressor  reflex  increased  from  32  to  68  mm. 

Experiment  November  SOj  1914.  A  rabbit  was  curarized  at  2,55  p.m. 
and  the  fall  in  blood  pressure  on  stimulation  of  the  depressor  nerve  was 
measured  at  3.00, 3.05, 3.15,  and  3.25  p.m.  The  carotid  pressures  before 
stimulation  were  108,  88,  90,  and  90  mm.  In  other  words,  the  tonus 
fell  slightly  and  then  remained  practically  constant.  The  depressor 
reflex,  as  shown  at  the  left  of  figure  2,  increased  from  18  to  52  mm. 


These  experiments  show  that  curare  may  more  than  double 
the  sciatic  and  the  depressor  reflex  change  in  blood  pressure 
while  the  arterial  tonus  is  left  substantially  unchaDged.  It  seems 
impossible  to  reconcile  these  results  with  the  present  conception 
of  the  vasomotor  centre.  Unless  th^  can  be  done,  it  will  be  neces- 
sary to  accept  a  vasotonic  and  a  vasoreflex  centre,  related  but 
separable. 
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In  1904  Elliott  (1)  reported  the  observation  that  In  a  cat  mori- 
bund after  complete  adrenal  extirpation  the  pressor  reaction 
to  nicotln  was  abolished  and  concluded  that  under  such  circum- 
stances the  irritability  of  the  sympathetic  system  is  lost.  He 
offered  the  suggestion  that  adrenal  deficiency  results  in  a  cor- 
responding deficiency  In  circulating  eplnephrin  which  In  turn 
renders  the  sympathetic  myoneual  junctions  incapable  of  trans- 
mitting Impulses.  In  1909  Gautrelet  and  Thomas  (2)  reported 
results  obtained  In  a  dog  and  a  rabbit  that  supported  Elliott's 
conclusion.  Last  year  Hoskins  and  Wheelon  (3)  further  Investi- 
gated the  matter.  They  thought  that  animals  near  the  point 
'of  death  are  scarcely  capable  of  giving  B^niiicant  Information. 
Accordingly  they  studied  the  condition  of  the  vasomotor  mechan- 
ism in  dogs  during  the  earlier  hours  after  Ugation  of  both  adrenals. 
They  hoped  thereby  to  detect  the  primary  effect  of  adrenal  de- 
ficiency before  secondary  results  had  obscured  the  picture.  In 
such  experiments  they  were  unable  to  find  any  evidence  of  sym- 
pathetic depression  at  a  time  when  the  animals  were  showing 
marked  muscular  and  cardial  weakness.  Their  method  of 
attacking  the  problem  was  based  upon  a  supposition  that  the 
organism  is  not  s^nlficautly  affected  by  the  loss  of  any  quantity 
of  adrenal  tissue  short  of  that  which  causes  death.  That  idea 
receives  a  certain  amount  of  support  from  such  experiments  fls 
those  recently  reported  by  Crowe  and  Wislocki  (4) .  These  investi- 
gators found  that  glycosuria  is  caused  by  the  manipulation  of 
any  fr^ment  of  adrenal  tissue  that  Is  sufficient  to  maintain  life, 
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but  that  equal  irritation  in  the  adrenal  region  in  the  absence  of 
the  gland  tissue  is  without  effect. 

Whipple  and  Christman  (5),  however,  have  recently  shown  that 
partial  adrenal  deficiency  causes  a  decrease  in  the  amount  of 
phenoltetrachlorphthalein  excreted  into  the  intestine,  a  result 
which  they  attribute  to  hepatic  depression. 

In  the  light  of  these  results  it  seemed  desirable  to  study  the 
effect  of  partial  adrenal  deficiency  upon  vasomotor  irritability. 
In  order  to  obtain  results  as  well  marked  as  possible  an  attempt 
was  made  in  the  earlier  experiments  to  reduce  the  adrenal  tissue 
to  the  lowest  amoimt  compatible  with  survival.  In  a  series  of 
seventeen  dogs  one  adrenal — usually  the  right — ^was  destroyed 
completely,  and  at  the  same  operation  one-half  to  three-fifths  of 
the  other  gland  was  similarly  treated.  An  epidemic  of  distemper, 
added  to  the  severity  of  the  operation,  gave  a  high  mortality  in 
the  series  but  five  of  the  animals  survived.  This  series  was 
supplemented  by  sbc  successful  cases  in  which  the  left  adrenal 
only  was  destroyed. 

The  general  methods  employed  in  the  research  were  the  same 
as  those  previously  described  by  H<Mkins  and  Wheelon  (6) .  Blood 
pressure  from  a  femoral  or  carotid  artery  was  recorded  by  means 
of  a  mercury  manometer,  using  a  reservoir  cannula  filled  with 
10  per  cent  sodium  citrate.  The  reaction  to  a  standard  dose  of 
adrenalin  gave  an  index  of  the  condition  of  the  peripheral  vascular 
structures.  Similarly  the  reaction  to  nicotin  indicated  the  degree 
of  irritabiUty  of  the  sympathetic  system  proper.  After  the 
reactions  to  adrenalin  and  nicotin  were  obtained  the  vessels 
were  ligated  and  the  incision  closed  and  dressed  with  a  piece  of 
gauze  saturated  with  flexible  collodion.  In  view  of  the  fact  that 
the  whole  procedure  of  settii^  the  cannulas  and  closing  the  woimd 
requires  less  than  10  minutes  it  did  not  seem  worth  white  to 
attempt  to  surmount  the  difficulties  of  a  "bloodless"  technique. 
Aseptic  precautions  were  taken  throughout.  Various  methods 
of  destroying  the  adrenal  tissue  were  tried:  excision,  actual 
cautery,  interstitial  injections  of  chloroform  or  chromic  acid 
and  simple  Ugation.  The  injection  methods  were  xmsatisfactory 
in  that  they  were  hard  to  control.    The  liability  to  hemorrht^ 
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and  danger  of  injury  to  splanchnic  nerve  trunks  rendered  the 
cautery  unsatisfactory.  Excision  of  the  adrenals  without  undue 
injury  to  nearby  structures  is  notably  difficult  and  time  con- 
suming. Ligation,  on  the  other  hand,  is  easily  accomplished  and 
is  equally  effective.  This  statement  is  based  upon  two  observed 
facts:  the  reaction  of  the  animal  to  ligation  is  characteristic  of. 
adrenal  destruction  and  subsequent  examination  of  the  ligated 
glands  shows  that  they  have  undergone  destructive  d^eneration. 
In  both  these  respects  the  present  research  has  confirmed  the 
observations  of  earlier  investigators  (7).  The  technique  employed 
in  isolating  the  glands  was  the  following:  The  peritoneum  over 
the  adrenal  was  torn  loose  and  by  blunt  dissection  the  organ  was 
partially  loosened  from  contiguous  structures.  Particularly  it 
was  sufficiently  separated  from  the  sympatiietic  tnmks  that 
subsequent  ti^tening  of  the  ligatures  would  not  injure  these. 
Two  strands  of  strong  linen  thread  were  then  passed  t<^ether 
longitudinally  under  the  gland.  These  were  brought  up,  one  on 
either  side,  and  tied.  The  gland  was  thus  completely  isolated. 
This  procedure  is  especially  advantageous  in  case  of  the  right 
adrenal  which  in  the  dog  usually  11^  well  under  the  vena  cava. 
A  bit  of  the  dorso-lateral  wall  of  the  cava  was  grasped  in  a  hemo- 
stat.  Lateral  traction  then  rolled  the  vein  oS  the  gland  and 
left  it  fairly  accessible,  while  offering  no  serious  impediment  to  the 
circulation. 

Parenthetically,  it  may  be  permissible  to  allude  again  to  the 
advantages  of  the  reservoir  cannula  method  in  routine  blood 
pressure  work.  The  cannula  we  have  finally  come  to  us6  with 
d(^  is  one  of  the  ordinary  arterial  type  in  which  is  blown  a  bulb 
holding  about  15  cc.  This  is  filled  with  10  per  cent  sodium  citrate 
solution  and  attached  directly  to  the  manometer.  The  method 
avoids  the  inconvenience  of  developing  an  initial  positive  pressure 
in  the  system  and  of  maintaining  a  cumbersome  "wash-out" 
arrangement.  When  the  artery  clip  is  released  an  outflow  of 
blood  forces  the  citrate  from  the  central  stem  of  the  cannula 
and  partially  displaces  that  in  the  bulb  until  pressure  equilibrium 
is  reached.  The  animal  is  thereby  protected  from  a  not  uncom- 
mon accident — an  intravascular  injection  of  the  anti-coagulant 
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when  the  artery  is  opened.  Before  coagulation  has  had  time  to 
occur,  the  citrate  makes  its  way  back  against  the  blood  column 
in  adequate  quantity  to  prevent  clotting,  but  not  enoi^jh  reaches 
the  circulation  to  cause  any  perceptible  effect.  This  is  true  even 
though  a  considerable  fall  of  blood  pressure  occur.  It  is  rarely 
necessary  to  remove  the  cannula  and  dispose  of  a  clot  even  in 
experiments  lasting  two  hours  or  longer.  The  simplicity  of  the 
method  renders  it  particularly  advantf^eous  for  students'  use 
in  conventional  blood  pressure  experiments.  The  only  precau- 
tion we  have  found  necessary  is  to  avoid  the  use  of  too  large  a 
reservoir.     . 

At  intervals  of  one  to  eight  days  in  various  cases,  after  adrenal 
operation  the  blood  pressure  and  reactions  to  adrenalin  and 
nicotin  were  a^ain  determined.  The  results  indicate  that 
partial  adrenal  deficiency  does  result  in  sympathetic  depression. 
Experiment  No.  4  which  illustrates  the  general  outcome  of  the 
series  will  be  described: 

November  S4,  I914.  Dog,  Ftmale  aditU,  Weight,  7  kilos.  Cannulas 
set  in  right  femoral  artery  and  vein.  Reactions  determined  to  adrenalin 
2  cc.  1-200000,  nicotin  0.8  cc,  1 :4000,  pUocarpm  0.5  cc.  1-10000. 

Laparotomy.  Abdomen  opened  in  median  line.  Right'  adrenal 
gland  exposed  and  ligatures  placed  so  as  to  isolate  posterior  half  of 
gland— circulation  of  anterior  half  apparently  not  banned.  Right 
gland  exposed  and  completely  isolated  with  two  ligatures.  Incision 
closed  in  three  layers.     Excellent  recovery. 

November  27.  Dog  somewhat  weak  as  judged  by  resistance  to  anes- 
thetizing. Incisions  in  leg  and  belly  wall  clean.  Cannulas  set  in  left 
femoral  artery  and  vein.  Reaction  to  adrenalin,  nicotin  and  pilocarpin 
obtained  as  before. 

December  3.  Dog  weak-  Incisions  not  well  healed  but  apparently 
not  purulent.  Cannulas  in  carotid  artery  and  external  jugular  vein. 
Reactions  to  adrenalin,  nicotin  and  pilocarpin  taken  as  before.  Animal 
killed. 

Post  mortem  findings:  Right  adrenal:  Anterior  half  of,  gland  ap- 
parently normal:  Posterior  half  degenerated,  largely  replaced  by  scler- 
otic tissue.  Left  adrenal:  Marked  central  liquifaction  necrosis  leaving 
thin  superficial  layer  of  soft  brownish  yellow  tissue. 
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R^ht  and  left  Bplsnchaic  nerve  trunks  traced  through  operative 
fields.    No  evidence  of  their  having  been  injured  in  the  operation. 

Subsequent  measurement  of  the  tracings  in  this  experiment 
showed  that  the  original  blood  pressure  was  146  mm.  Three 
days  later  at  the  time  of  the  second  determination  it  was  132. 
Nine  days  after  the  adrenal  ligation  it  was  still  lower,  110  mm. 
The  nicotin  reactions  were  respectively  50,  22  and  14  mm.  The 
pressor  reaction  to  adrenalin  was  unusually  constant  being  exactly 
40  mm.  in  each  case. 

In  several  instances  the  blood  pressure  reactions  to  small 
doses  of  pilocarpin  were  determined,  before  and  after  adrenal 
ligation.  No  significant  differences  were  observed.  Apparently, 
therefore,  the  lessened  irritability  of  the  sympathetic  system  is 
not  shared  by  the  para-sympathetics. 

A  possible  source  of  error 'in  such  experiments  is  the  nearness 
of  the  splanchnic  nerve  trunks  to  the  adrenal  glands.  Injury 
to  these  nerves  might  well  cause  perturbations  in  the  vasomotor 
reactions.  Elliott  has  shown,  however,  that  decentralization 
of  sympathetic  paths  results  in  heightened  irritability  to  adrena- 
lin. If,  therefore,  injury  to  the  splanchnic  trunks  were  a  signifi- 
cant factor  in  our  results  depresdon  of  the  nicotin  reaction  should 
be  accompanied  by  augmentation  of  the  adrenalin  reaction — 
a  condition  that  ordinarily  did  not  maintain. 

No  attempt  was  made  to  determine  exactly  the  minimal  quan-  - 
tity  of  adrenal  tissue  that  must  be  removed  to  cause  an  appreci- 
able loss  of  sympathetic  irritability.  Owing  to  individual 
variability  in  this  respect  a  large  series  of  experiments  would 
probably  be  required  to  settle  the  point.  In  some  cases  we  noted, 
however,  that  removal  of  one  gland  only  was  without  effect, 
while  in  others  a  depression  resulted.  It  is  probable,  therefore, 
that  the  "margin  of  safety"  is  about  50  per  cent. 

Considering  that  the  vasomotor  depression  resulting  from 
adrenal  deficiency  might  conceivably  be  due  to  a  reduction  in  the 
amount  of  circulating  epinephrin  the  effect  of  slowly  supplying 
adrenalin  to  the  blood  stream  seemed  worthy  of  investigation. 
Accordingly  in  two  animals  that  showed  well  noarked  depression 
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in  the  reaction  to  nicotin  dilute  adrenalin  waa  infused  for  half  an 
hour  into  a  vein.  The  results  were  surprising.  Even  though 
the  infused  adrenalin  was  producii^  little  or  no  effect  upon  blood 
pressure  the  reaction  to  nicotine  soon  became  smaller  and  when 
the  rate  of  infusion  was  increased  to  cause  a  minimal  pressor 
effect  the  nicotin  reaction  was  aboliehed.  These  results  tend  to 
indicate  that  epinephrin  deficiency  is  not  the  cause  of  the  sym- 
pathetic depression  resulting  from  adrenal  deficiency.  The 
phenomenon  is  being  further  investigated  and  results  will  be 
i;eported  in  a  later  communication. 

For  the  apparent  discrepancy  between  the  previous  results 
of  Hoskins  and  Wheelon  and  those  herein  reported  no  definite 
explanation  is  offered.  It  would  seem,  however,  that  in  their 
experiments  the  overwhelmii^  severity  of  a  laparotomy  added 
to  the  immediate  effects  of  total  deprivation  of  adrenal  tissue 
caused  a  primary  failure  of  the  cardiac  metabolism  before  the 
sympathetic  system  had  time  to  be  significantly  affected.  Also 
the  possibility  exists  that  the  depression  of  sympathetic  irritabil- 
ity observed  in  the  experiments  herein  reported  is  not  at  all 
specific,  but  merely  one  phase  of  general  depression  of  vitality, 
such  as  occurs  in  Addison's  disease.  The  stmi  total  of  available 
evidence  seems  to  indicate  that  the  essential  feature  of  adrenal 
deficiency  is  an  interference  with  fundamental  metabolism — 
possibly  oxidation — in  which  the  more  active  tissues  o?  the  body 
suffer  first. 

SUMMABT  AND  CONCLUSION 

From  one-half  to  seven-tenths  of  the  adrenal  tissue  was  removed 
from  dogs  in  various  cases,  at  a  single  operation.  At  intervals 
of  one  to  eight  days  after  the  operation  the  blood  pressure  and  the 
vasomotor  reaction  to  nicotin  were  decreased.  The  reaction 
to  adrenalin  was  not  similarly  affected.  Partial  adrenal  defi- 
ciency therefore  results  in  a  depression  of  the  irritability  of  the 
sympathetic  nervous  system  proper.  This  depression  is  probably 
only  one  phase  of  a  generalized  interference  with  fundamental  ' 
metabolism. 
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In  their  work  on  the  indirect  determination  of  blood  pressure 
Howell  and  Brush'  showed  experimentally  among  other  things, 
that  maximum  oscillations  of  the  sphygmomanometer  lever 
obtain  when  the  extra-arterial  pressure  of  the  instrument  equals 
the  intra-arterial  pressure  during  diastole. 

Since  then  as  is  well  known  various  instruments  have  been 
devised  for  the  express  purpose  of  bed-aide  determination  of 
diastohc  as  well  as  systolic  pressure.  One  of  the  earliest  of  these 
instruments,  and  one  which  still  proves  to  be  most  satisfactory 
in  this  laboratory,  is  the  Erlanger  sphygmomanometer.* 

Those  who  are  familiar  with  these  instruments  and  with  the 
graphic  records  obtained  from  them  are  also  familiar  with  the 
respiratory  waves  which  appear  almost  constantly  in  them. 

During  routine  instruction  the  writer's  argument  for  the 
interpretation  of  these  respiratory  waves  has  been  somewhat 
as  follows: 

1.  Observing  a  continuous  graphic  record  of  the  spbygmomaDom- 
eter  with  external  pressure  gradually  falling  from  a  point  somewhat 
above  systolic  to  a  point  somewhat  below  diastoUc,  one  notes  that  the 
excursions  of  the  writing  point  at  first  increase  from  smaller  to  greater 
height,  then  having  reached  a  maximum  fall  again  to  smaller  dimensions. 

2.  The  region  of  greatest  excur«ons  in  general  indicates  an  equihb- 
rium  between  the  external  pressure  upon  the  artery  and  the  internal 
pressure  during  diastole.     The  more  the  external  pressure  deviates 

'Howell  and  BruBh:  Proceedings  of  the  Masgachuaetts   Medical  Society, 
IBOl,  Kviu,  pp.  656-672. 
.'  Erlanger,  J.:  This  journal,  1902,  xii,  p.  53. 
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from  the  internal  (diastolic)  pressure  the  smaller  become  the  excursions; 
the  more  nearly  the  external  presaure  approaches  internal  (diastolic) 
pressure  the  greater  become  the  exciu^onB  (Howell  and  Brush,  1901). 

3.  With  the  external  pressure  kept  constant  at  any  given  point 
the  excuruons  of  the  sphygmomanometer  lever  ought  also  to  remain 
constant  provided  no  change  of  the  internal  pressure  of  the  artery 
occurs.  Such  a  condition  of  internal  pressure  however  rarely  obtains. 
The  so-called  respiratory  waves  in  the  graphic  records  are  familiar 
evidences  of  this  fact. 

4.  With  the  sphygmomanometer  pressure  set  at  a  point  near  mean 
blood  pressure  the  respiratory  waves,  as  usually  observed,  are  moat 
pronounced.  The  part  of  this  wave  made  up  of  increaui^  excursions 
must  be  indicative  of  rising  internal  pressure.  For  since  the  external 
pressure  remains  constant  and  considerably  above  the  lowest  diastolic, 
and  since  increaedng  excursions  indicate  approach  toward  equilibrium 
of  the  two  preseures,  the  lower,  but  variable,  internal  pressure  must  be 
increasing  toward  the  higher,  but  fixed,  external  pressure. 

Conversely  the  part  of  the  respiratory  wave  made  up  of  decreasing 
excursions  must  be  indicative  of  a  falling  internal  pressure. 

5.  If  together  with  the  sphygmomanometer  record  the  respirations 
of  the  subject  are  graphically  recorded,  then  it  is  possible  to  determine 
what  part  of  the  respiratory  wave  in  the  blood  pressure  trace  cor- 
responds to  the  inspiratory  act,  what  part  to  the  expiratory  act 
(Erlanger,  1905).» 

With  such  a  record  one  may  demonstrate  whether  there  ia  inspira- 
tory rise  and  expiratory  fall  of  blood  pressure  in  the  aubject,  or  vice 
versa;  or  whether  the  changes  are  of  a  more  complicated  character. 
Indeed  Erlanger  and  Festerling*  have  used  this  method  in  a  study  of 
the  effect  of  respiratory  movements  upon  blood  pre^ure  in  man. 

6.  As  a  logical  consequence  of  the  above  argument  the  following 
proposition  ought  to  hold  good,  and  ought  to  be  borne  out  by  experi- 
ment: 

If  the  sphygmomanometer  presaure  on  the  arm  be  set  at  some 
point  below  diaatolic  pressure,  instead  of  above  as  is  usually  done,  one 
ought  also  to  obtain  respiratory  waves  in  the  record.  Only  the  vxives 
then  wovM  appear  inverted  when  compared  with  those  in  the  record  taken 
vnth  external  pressure  <Aove  diastolic. 

'  Erlanger:  Journal  of  Experimental  Medicine,  1905,  vii,  p.  713. 

'  Erlanger  and  Featerling:  Journal  of  Experimental  Medicine,  1912,  xv,  p.  370. 
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One  ought  to  be  able  to  demonstrate  this  inveraon  of  respiratory 
waves  by  eimply  recording  the  respiratory  movements  graphically  and 
simultaneously  with  the  sphygmomanometer  record.  Care  need  only 
be  taken  to  have  the  two  writing  points  in  the  same  vertical  line. 

Having  detemiined  the  diastolic  pressure  of  the  subject  in  the  usual 
way,  one  record  should  be  taken  with  the  external  arterial  pressure 
set  above  the  diastolic,  another  record  taken  with  the  external  arterial 
pressure  set  below  the  diastolic  pressure. 

In  preliminary  tests  with  students  it  was  very  gratifying 
to  find  that  this  inverted  respiratory  wave  could  actually  be 
obtained,  and  the  test  was  incorporated  as  one  of  the  accessory 
exercises  of  the  laboratory. 

As  will  be  seen  below  most  of  the  subjects,  so  far  carefully 
examined,  show  the  inverted  wave  in  their  sphygmomanometer 
records. 

The  chief  agnificance  of  this  inverted  respiratoiy  wave,  at 
this  point  of  our  consideration,  is  two-fold.  (1)  It  demon- 
strates deductively  the  validity  of  the  general  propoation  that 
maximum  excuimon  of  the  sphygmomanometer  lever  (Erlanger 
instrument)  is  indicative  of  diastolic  pressure.  (2)  It  fumiahes 
a  method  for  the  determination,  and  interpretation,  of  blood 
pressure  changes  in  the  respiratory  waves  of  the  sphygmoma- 
nometer record. 

Before  speaking  of  the  expterimental  results  the  writer  wishes 
to  state,  in  the  interests  of  priority,  that  while  the  idea  of  the 
inverted  respiratory  wave  and  its  demonstration  had  been  in- 
dependent on  his  part  yet  he  had  been  anticipated  by  Erlanger 
and  Festerling.* 

In  the  early  part  of  the  observations  taken  in  this  study  the 
writer  in  conversation  with  one  of  these  authors  (Erlanger) 
discovered  that  they  too  had  seen  the  lof^cal  consequences  of 
Erlanger's  earlier  work  (1905). 

However,  Erianger  and  Festerling  only  observed  the  inverted 
wave  upon  the  "artferiograph"  records  taken  on  the  exposed 
artery  of  a  dog.     In  man  they  were  wholly  unable  to  observe  it.* 

•  Erlanger  and  Fosterling;  Loc.  cit.,  pp.  380-381. 

*Ibid.,  p.  3S4.  "In  the  case  of  man  it  seems  that  the  inversion  of  thewavea 
of  oscillation  associated  with  respiration  does  not  take  place " 
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The  reiiiUs  here  re-poried  are  Iherefore  new  in  the  sense  thcU  they 
show  the  presence  of  an  inverted  respiratory  wave  in  the  sphygmoTiia- 
nometer  trace  of  man. 

EXPERIMENTS 

Method.  The  devices  employed  hardly  need  description  be- 
yond the  statement  that  care  was  taken  to  avoid  leaks  in  the 
closed  air  spaces  of  the  transmitting  tambours,  tubing,  etc., 
and  to  have  the  tambours  themselves  covered  with  rubber  dam 
of  the  proper  re^lience. 

As  stated  above  the  Erlanger  sphygmomanometer  was  used. 
Whenever  a  larger  recording  surface  was  desired,  that  of  an  ordi- 
nary kymographjon  drum  was  substituted  for  the  small  drum 
supplied  with  the  sphygmomanometer. 

In  the  latter  experiments  the  recording  tambour  transmitting 
the  respiratory  movements  was  supplied  with  a  lever  writing  in 
a  vertical  line.  Ludwig's  form  with  jointed  writing  tip  (used 
with  the  lever  arm  directed  at  right  angles  to  the  tangent-plane 
of  the  drum)  was  employed  in  some  of  the  experiments.  Such 
a  writing  tip,  it  will  be  remembered,  traces  the  chord  of  the  arc 
described  by  movments  of  the  lever  arm. 

In  other  experiments  a  writing  lever  specially  devised  by  the 
author  was  employed.  This  lever  counts  of  a  short  writing  tip 
suspended  from  the  end  of  a  thread  which  in  turn  is  held  on  the 
grooved  rim  of  a  light  wheel  of  12  cm.  radius.  To  prevent 
lateral  oscillations  of  the  writing  tip  it  is  suspended  within 
guide  poets.  A  smaller  wheel  of  12  mm.  radius  is  rigidly  attached 
to  the  axis  of  the  larger  wheel;  a  thread  suspended  from  the  rini 
of  the  smaller  wheel  is  fixed  to  the  recording  tambour.  The  wheel 
is  set  up  so  that  its  movements  are  through  the  vertical  plane. 
The  writing  tip  thus  records  the  tangent  of  the  arc  described  by 
the  movements  transmitted  from  the  tambour.  In  contra- 
distinction to  the  Ludwig  chord  describing  lever  this  instrument 
may  be  known  as  a  tangent  recording  lever.  Mid  will  be  so  refCTred 
to  in  this  paper. 

The  advantages  of  a  lever  recording  vertical  lines  rather 
than  arcs  are  too  obvious  to  merit  further  mention. 
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Id  all  records  where  synchronous  points  of  two  or  more  trac- 
ings  are  to  be  determined  "scratch  marks"  are  indispensable. 
Accordii^y  no  records  in  the  present  study  were  considered  that 
do  not  bear  such  scratch  marks. 

The  receiving  tambour  for  the  respiratory  movements  was 
either  a  pneumograph  devised  by  Howell  consisting  of  a  rubber- 
bag  (made  of  a  section  of  inner  bicycle  tubing)  applied  directly 
to  the  chest  walls,  A  modified  Marey's  sphygmoscope  is  in- 
serted in  the  path  of  transmission  of  this  apparatus.  At  times 
the  pnexmK^puph  of  F.  Bert  (simple  metal  cylinder  with  rubber 
dam  heads),  or  that  of  Marey  (steel  spring  plate)  was  used.  Care 
was  taken  to  apply  the  pneumograph  to  the  chest-walls  and  upper 
abdomen  in  such  manner  as  to  enable  the  instrument  to  record 
promptly  and  faithfully  the  respiratory  movements. 

It  should  here  be  stated  that  in  order  to  make  the  inverted 
respiratory  wave  stand  out  prominently  upon  the  record  the  rate 
of  respiration  must  be  slow  enough  to  include  6-10  heart  beats, 
or  even  more.  Slow,  deep  breathing  therefore  is  the  rule.  It 
may  be  also  added  that  the  inspiratory  phase  should  be  of  a 
duration  equal  to  that  of  the  eiqiiratory  phase,  and  if  possible 
pauses  between  the  two  phases  should  be  avoided. 

Remiis.  The  observations  upon  which  this  study  is  based 
were  made  partly  in  the  spring  of  1913,  partly  in  the  fall  of  1914. 
Many  observations  were  made  by  students  of 'the  present  third 
and  second  years,  medical  department,  under  the  writer's 
supervision. 

The  men  were  of  normal  health  and  of  ages  varying  for  the 
most  part  between  twenty-two  and  twenty-eight  years. 

The  writer  wishes  to  take  this  opportunity  to  thank  these 
gentlemen  who  thus  have  assisted  in  the  collection  of  material 
for  this  work.  Especially  does  the  writer  wish  to  thank  Messrs. 
Rice,  Shipton  and  Stifel  of  the  second  year  class  for  the  tech- 
nically perfect  and  beautiful  records  which  they  have  kindly 
donated  to  the  study. 

Up  to  the  present  writing  twenty-eight  persons  in  all  have 
been  satisfactorily  examined  for  the  inverted  respiratory  wave. 
Of  this  ntmiber  twenty  persons  showed  an  inversion  of  the 
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Fig.  1.  Subject  R.  B.  S.  Diastolic  pressure,  82  mm.;  systolic  presaure,  120 
mm.;  tangent  recording  respiratory  lever,  upstroke  iodicates  inapiratios;  the 
numbers  in  the  figure,  89  and  75,  indicate  the  external  pressure  applied  to  the 
brachial  artery  during  the  experiment. 


Fig.  2.  Subject  C.  D.  S.  Downstroke  of  the  respiration  lever  (Ludwig's 
lever)  indicates  inspiration.  The  numbers  below  each  section  of  the  tracings 
indicate  the  extra-arterial  pressures  applied  at  each  reading,  the  pressures  LOO 
and  112  being  above,  the  pressures  78  and  75  being  below  diastolic  pressure 
(88  mm.) 
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respiratory  wave,  and  eight  failed  to  show  it.  It  was  further 
observed  that  some  individuals  who  showed  the  inverted  wave 
at  one  time,  at  another  time  failed  to  show  it.  It  is  possible, 
therefore,  that  if  the  eight  individuals  who  failed  to  show  the 
wave  had  been  examined  under  different  conditions,  they  too 
would  have  shown  the  inverted  respiratory  wave. 


Pig.  3,  Subject  £.  H.  C.  Diastolic  pressure,  96  mm.;  downstt'oke  of  respi- 
ration lever  indicateB  inspiration.  The  numbers  indicate  the  external  pressure 
in  the  cuff  of  the  sphygmomanometer  at  eaoh  of  the  three  readings. 

Indeed  an  analysis  of  the  records  in  regard  to  change  of  heart- 
rate  and  blood  pressure  within  the  respiratory  cycle  seems  to 
indicate  that  the  failure  to  demonstrate  the  inversion  of  the 
respiratory  wave  may  be  due  to  a  certain  physiological  complex 
prevailing  only  at  the  time.  ... 
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For  example,  of  the  twenty  cases  showing  inversion  of  the 
respiratory  wave  eighteen  could  be  classed  as  having  rise  of  blood- 
pressure  chiefly  during  inspiration,  fall  of  blood-pressure  during 
expiratioir.  Of  the  eight  cases  failing  to  show  inversion  of  the 
respiratory  wave  six  could  be  classed  as  having  fall  of  blood 
pressure  chiefly  during  inspiration,  rise  of  blood-pressure  chiefly 
during  expiration.  From  the  premises  stated  above  one  ought 
to  obtain  the  inverted  respiratory  wave  regardless  of  the  type 
of  blood-pressure  change  associated  with  the  respiration.  The 
point  evidently  requires  further  investigation. 

Specimen  records  showing  the  inversion  of  the  respbatory 
wave  in  the  sphygmomanometer  are  here  reproduced.  The 
inversion  is  seen  readily  if  one  compares  sections  of  a  record,  one 
of  which  was  made  with  the  external  arterial  preseiu-e  above, 
another  of  which  was  made  with  the  external  arterial  pressure 
below  diastolic. 

In  figure  1,  record  of  R.  B.  S.,  comparing  the  two  sections  shows 
the  inversion.  The  one  section  was  made  with  external  pressures 
at  89,  the  other  section  was  made  with  external  pressure  at  75 
mm.  The  diastolic  pressure  of  this  individual  at  the  time  was 
82  mm.  Hg. 

In  figure  2,  one  compares  the  sections  with  external  pressures 
set  112  and  75,  or  the  sections  with  external  pressures  of  100  and 
78  mm.  The  diastoUc  pressure  of  this  individual  was  about 
88  mm. 

Again  in  figure  3,  one  compares  the  middle  (or  the  upper) 
with  the  lower  section.  The  diastolic  pressure  of  this  subject 
at  the  time  was  96  mm.  The  external  pressure  on  the  arm  in 
the  upper  section  was  110,  in  the  middle  record  101  and  in  the 
lower  record  70  mm. 

One  now  will  ask  how  much  abov6  and  how  much  below  the 
diastolic  pressure  must  the  pressure  in  the  cuff  be  set  to  ensure 
an  inversion  of  the  respiratory  wave.  The  answer  to  this  would 
be,  theoretically,  not  more  above  nor  below  than  the  amount  of 
blood  pressure  change  accompanying  the  respiration.  Practi- 
cally one  sees  in  figure  1,  that  the  two  pressures  between  which 
inversion  took  place  are  pretty  close  together,  just  7  mm.  above 
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and  7  mm.  below  the  diastolic  pressure  as  determined  at  the 
time. 

If  oDe  t-ake  a  record  with  the  escapement  set  so  as  to  allow 
the  pressure  in  the  cuif  to  fall  gradually  one  ought  to  find  in  the 
record  the  exact  point  where  the  inversion  takes  place.  Thb  has 
been  done  and  is  shown  in  figure  4.  The  upper  sections  of  the 
record  show  records  with  external  pressure  constant  at  three 
different  levels.  Inspection  will  show  the  respiratory  wave  to 
have  undei^one  inversion.  The  lower  and  more  important  part 
of  the  figure  is  a  record  of  the  same  individual  taken  with  ex- 
ternal pressure  gradually  falling. 

As  will  be  noted  the  point  where  the  inversion  occurs  is  between 
90  and  95  mm,  pressure  in  the  sphygmomanometer  cuff.  The 
inversion  here,  as  in  most  cases  studied,  takes  place  at  the 
region  of  last  maximal  oscillations. 

In  this  study,  at  any  rate,  the  last  maximal  oscillations  has 
always  been  the  criterion  of  diastoUc  pressure,  regardless  of  sounds, 

A  further  point  is  suggested  by  the  record  shown  in  figure  4. 
If  the  inversion  of  the  respiratory  wave  in  the  blood-pressure 
trace  takes  place  at  diastolic  pressure  may  it  not  be  that  this 
point  of  inversion  itself  at  times  could  be  profitably  used  as  an 
additional  test  as  to  the  correct  diastolic  pressure  in  man?  In 
figure  4,  at  95  mm.  no  inversion  has  yet  taken  place  while  at  a 
point  just  below  90,  say  88  mm.,  the  inversion  is  already  ac- 
complished. Clearly  in  this  case  90  ram.  is  very  near  the  exact 
point  of  inversion.  The  region  between  90  and  95  is  the  region 
of  last  maximal  oscillation  and  therefore  it  is  clear  that  the 
region  of  inversions  and  the  region  of  true  diastolic  pressure 
may  be  one  and  the  same  in  terms  of  pressure. 


1.  An  argument  is  submitted  demonstrating  deductively 
the  following  proposition: 

In  case  the  actual  respiratory  movements  in  man  are  syn- 
chronously and  graphically  recorded  together  with  the  sphygmo- 
manometer trace,  and  with  the  extra-arterial  pressure  set  at 
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various  points  above  and  below  the  diastolic  pressure,  then  upon 
inspection  one  ought  to  find  an  inversion  of  the  respiratory  wave 
in  the  blood-pressure  trace  with  reference  to  the  waves  of  the 
respiration  trace  itself. 

This  inversion  of  the  respiratory  wave  in  the  ST)hygmoma- 
nometer  trace  ought  to  take  place  in  the  vicinity  of  diastolic 
pressure. 

2.  Graphic  records  were  taken  on  twenty-eight  individuals, 
twenty  of  whom  clearly  showed  inversion  of  the  respiratory  wave 
in  the  blood-pressure  trace.  Reproductions  of  records  illustrat- 
ii^  the  inverted  wave  are  submitted  in  the  report. 

3.  The  inversion  of  the  respiratory  wave  is  not  always  ob- 
tained; eight  of  the  twenty-eight  individuals  failed  to  show  it. 
The  same  individual  however  who  did  not  show  the  inversion 
at  one  time  occasionally  was  observed  to  show  it  at  another 
time.  No  satisfactory  e!q>lanation  of  this  failure  can  at  this 
time  be  given. 

4.  It  is  su^ested,  and  evidence  is  adduced  showing,  that  the 
inverEdon  of  the  respiratory  wave  in  the  blood  pressure  wave  may 
itself  at  times  serve  as  an  additional  test  in  the  determination 
of  the  correct  diastolic  pressure  in  man. 
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Although  the  oil  of  chenopodium  has  been  used  in  medicine 
more  than  one  hundred  years  it  has  as  yet  hardly  attracted  the 
attention  of  pharmacologists.  The  first  and  only  record  of  any 
experimental  studies  on  animals  appeared  not  quite  ten  years 
ago  when  Brunii^  (1)  published  the  results  he  obtained  with 
this  drug  in  different  species  of  animals.  His  experiments 
indicate  that  even  in  small  doses  this  substance  may  cause  severe 
symptoms  and  death.  The  subcutaneous  injection  of  0.3  cc. 
per  kilo  into  rabbits  caused  death  in  four  days,  although  1 .5  cc.  per 
kilo,  given  by  mouth,  produced  saUvation  only.  Two-tenths  of  a 
cubic  centimeter  per  kilo,  given  subcutaneously  to  do^,  was  fatal 
within  twenty-four  hours,  and  0.2  to  0.4  cc.  per  kilo  produced  the 
same  effect  in  five  hours  in  frogs  which  received  it  by  injection 
into  the  dorsal  lymph  sac.  In  the  hen,  according  to  his  experi- 
ments, 0.5  cc.  per  kilo  by  mouth  produced  narcosis,  paralysis 
and  death  in  a  few  hours.  Narcosis  was  produced  in  fishes  by 
a  concentration  of  1 :  12,500  and  death  when  the  concentration 
was  1 :  8000.  He  has  shown  further,  by  experiments  on  frc^s, 
that  a  more  active  substance  which  is  toxic  also  when  inhaled, 
may  be  obtained  from  the  oil. 

In  the  following  experiments  it  was  aimed,  as  far  as  possible 
to  determine  accurately  the  resistance  of  various  animals  to  oil 
of  chenopodium  as  well  as  ascaridole  (2),  which  is  a  peroxide, 
and  a  product  (3)  derived  from  it,  in  which  the  two  oxygens  were 
rearranged,  transforming  it  into  a  dioxide,  or  glycol  anhydride. 

'  The  reaults  of  some  of  the  experimentH  were  communicated  before  the  Ameri- 
can Society  of  Fhannacology  and  Experimental  Therapeutics.  Journal  of  Pharm- 
acology and  Experimental  Therapeutics,  Vol.  II,  p.  391. 
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AtteDtion  was  also  directed  to  the  influence  of  diet  and  fasting 
and  to  eamulation.  A  very  large  number  of  experiniients  were 
performed,  but  only  a  few  were  selected  for  illustrating  the 
typical  action  of  these  substances. 

EXPERIMENTS   ON  BABBITS 

The  effects  of  oil  of  chenopodium  and  ascaridole,  which  were 
given  by  mouth  and  subcutaneously,  varied  a  good  deal  in 
different  individuals^  the  size  of  the  dose  being  an  important 
factor  in  determining  the  action.  After  large  doses,  symptoms 
appeared  within  a  few  minutes  even  when  given  by  mouth. 
In  some  experiments  in  which  a  little  more  than  the  surely  fatal 
dose  was  given  the  effects  manifested  themselves  ten  minutes 
after  its  introduction  into  the  stomach,  but  this  interval  was 
still  shorter  when  two  or  three  times  this  amount  per  kilo  of 
body  weight  was  administered.  Symptoms  indicating  depression 
of  the  nervous  system  usually  appeared  in  one  to  two  hours 
when  given  by  mouth.  The  animal  became  somnolent  and 
•  inactive,  slight  incoordioation  of  the  muscles  of  the  extremities 
developing  about  the  same  time.  Deep  coma  and  paralysis 
developed  later  and  terminated  in  death  three  or  six  hours  after  the 
drug  was  given.  In  other  experiments  tremors  and  mild  spasms 
appeared  first,  followed  by  coina,  convulsions  and  opisthotonus. 
In  a  very  large  proportion  of  experiments  symptoms  of  a  some- 
what different  order  were  observed.  The  initial  effects  were 
predominately  those  of  stimulation.  Within  one  to  four  hours 
after  receiving  the  oil  or  ascaridole  the  animal  became  restless, 
looked  as  if  fr^tened  and  ran  wildly  all  over  the  room.  Muscle 
tremors  and  incoordination  became  marked  and  were  followed 
by  convulsions  which  developed  within  several  hours.  In  some 
experiments  no  effects  were  noticed  until  the  next  day.  The 
symptoms  persisted  several  hours  and  sometimes  one,  or  even 
two  days.  The  convulsions,  which  were  clonic  in  character, 
were  sometimes  accompanied  by  pecuhar  cries,  and  were  some- 
times 80  violent  that  the  cages  in  which  the  animals  were  confined 
were  upset.     Dyspnoea,  opisthotonus,  with  cessation  of  respir- 
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ation,  marked  the  final  stages  of  intoxication.  On  autopsy  the 
heart  was  found  beating  and  cpntinued  in  this  condition  several 
minutes.  Although  the  symptoms  of  intoxication  by  the  oil 
of  cheQopodium  and  of  ascaridole  were  in  most  cases  practically 
the  same,  it  was  noticed  that  in  a  number  of  experiments  con- 
vulsions were  more  apt  to  follow  the  administration  of  lai^e 
doses  of  ascaridole.  The  symptoms  produced  by  the  dioxide 
derived  from  ascaridole  were  those  wholly  due  to  depression  of 
the  nervous  system  and  of  thg  muscles.  The  reflexes  after  toxic 
doses  were  decreased  although  the  conjunctival  reflexes  persisted 
even  when  the  animals  were  in  deep  narcosis.  Examination  of 
the  urine  showed  a  very  marked  reduction  in  a  number  of  experi- 
ments, but  only  rarely  was  albuminuria  observed.  The  appear- 
ance of  the  oi^ns  in  poisoning  with  chenopodium  or  ascaridole 
indicates  that  these  substances  are  strong  local  irritants.  The 
mucous  membranes  of  the  stomach  and  small  intestines,  when 
these  substances  were  given  by  mouth,  were  inflamed  and  some- 
times hemorrh^c,  and  the  serous  coat  of  the  small  intestine 
injected.  The  kidneys  were  congested,  in  rare  cases  hemorrhagic. 
The  liver  in  most  of  the  rabbits  examined  was  either  normal  in 
appearance  or  congested.  The  heart  was  almost  always  injected 
but  the  lungs  were  normal  in  appearance. 

The  toxicity  of  the  oil  of  chenopodium  varied,  though  by  no 
means  greatly,  with  the  mode  of  administration.  When  given 
by  mouth  0.8  to  1.0  cc.  per  kilo  was  invariably  fatal.  Some 
animals  died  in  four  to  five  hours,  although  in  some  cases  such  a 
dose  proved  fatal  within  one  hour.  Sometimes  the  duration 
of  life  was  longer,  but  seldom  exceeded  twenty  houra.  Smaller 
doses  were  rather  uncertain  in  their  effects.  Thus  0.4  cc.  per 
kilo,  when  introduced  into  the  stomach  of  healthy,  strong  rabbits, 
produced  symptoms  of  severe  intoxication  within  a  few  hours  in 
most  of  our  experiments,  while  the  duration  of  life  varied  from 
three  and  one  half  hours  to  three  or  four  days.  On  the  other 
hand,  some  individuals  survived  doses  of  0.6  cc.  per  kilo  without 
showing  any  symptoms. 

The  subcutaneous  administration  of  the  oil  of  chenopodium 
proved  to  be  somewhat  more  toxic,  0.3  to  0.4  cc.  per  kilo  being 
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invariably  fatal.  The  appearance  of  symptoms  in  these  experi- 
ments varied  considerably.  In  one  experiment  marked  effects 
were  observed  one  hour  after  injection,  but  more  frequently 
the  onset  of  symptoms  was  delayed  a  good  deal  longer.  At 
least  four  hours  may  pass  in  some  individuals  after  injection 
without  the  appearance  of  any  signs  of  intoxication.  This  was 
abo  observed  in  experiments  with  the  subcutaneous  injection 
of  ascaridole.  The  duration  of  life  was  usually  one  day,  but  in 
some  experiments  it  was  only  five  hours;  in  others  again  it  was 
three  days.  Quantities  under  0.3  cc.  per  kilo  were  not  followed 
by  any  symptoms. 

Ascaridole,  which  is  the  active  principle  of  the  oil  of  chenopo- 
dium,  was  tested  in  the  same  way  as  the  oil.  Its  activity  was  found 
to  be  decidedly  greater.  One-half  of  a  cubic  centimeter  per  kilo 
given  by  mouth  produced,  in  our  experiments,  violent  convulsions, 
paralysis,  and  death  within  one  to  two  hours.  Such  a  dose,  it 
may  be  observed,  was  always  fatal.  A  dose  of  0.3  cc.  per  kilo 
was  fatal  for  some  rabbits  but  was  well  borne  by  others.  The 
lethal  dose  of  ascaridole  by  subcutaneous  injection  was  0.2  cc. 
per  kilo  although  some  individuals  survived  the  dose.  Smaller 
doses  also  caused  death,  but  a  much  larger  number  survived. 

Of  considerable  interest  is  the  observation  that  subminimum 
ineffective  doses  when  repeated  one  and  two,  and  even  three  days 
later,  proved  to  be  fatal.  This  was  found  to  be  the  case  whether 
the  drug  was  given  by  mouth  or  subcutaneously  in  experiments 
with  the  oil,  as  well  as  with  the  active  principle,  thus  indicating 
cumulative  action.  The  experiments  on  rabbits  which  were 
carried  out  with  the  dioxide  derived  from  ascaridole  showed  that 
this  body,  was  much  less  active  than  ascaridole  as  0.6  cc.  per  kilo 
given  by  subcutaneous  injection  failed  to  produce  symptoms. 
Nine-tenths  of  a  cubic  centimeter  produced  deep  narcosis  from 
which  the  animal  recovered,  however,  in  the  course  of  about 
twenty-four  hours. 

Rabbit  1593.    Belgian  Female. 
November  21.    Weight,  1610  grams. 
November  23.    Weight,  1665  grams. 
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9.50  &ja.    1.7  cc.  oil  chenopodium  in  water  administered  by  mouth. 

10.00  a.m.  Somnolent.  Ten  minutes  later  symptoms  of  intoxi- 
cation well  marked.    Rabbit  comatose  and  paralyzed. 

10.15  a.m.  to  10.20  a.m.  16  cc.  cottonseed  oU  ^ven  subcutaneously 
and  22  cc.  injected  into  peritoneal  cavity.  No  convulsions  were  ob- 
served at  any  time. 

12.40  p.m.     Died. 

Rabfnt  1559.    Black  Female.     Weight,  1330  grams. 

November  13,  1914.     Urine  albumin  and  si^ar,  negative. 

11.12  a.m.  0.8  cc.  (0.6  cc.  per  kilo)  oil  of  chenopodium  given  by 
mouth. 

12.30  p.m.    Muscle  tremors. 

2.00  p.m.    MuBcle  tremors  marked;  incodrdination. 

November  14, 1914.  9.00  ajn.  Albumin — none.  Reduction — none. 
Rabbit  lying  in  cage  paralyzed. 

November  15.    Condition  worse. 

November  16.    Dead. 

E<Mit  1558.    White  Female.    Weight,  1735  grams. 

November  16,  1914.  9.50  a.m.  1.4  cc.  oil  of  chenopodium  given 
by  mouth. 

1.00  p.m.    Mild  spasms,  muscle  tremors  and  paralysis. 

1.30  p.m.     Lay  in  cage  as  if  in  comatose  condition. 

1.50  p.m.  Irregular  and  well  marked  convulsion  preceded  by  cries. 
Respiration  was  suspended  about  one-quarter  of  a  minute  but  gradually 
returned. 

2.00  p.m-  Convulsions  and  death.  About  one  minute  later  thorax 
opened,  heart  was  still  beating  but  was  very  weak. 

RalMt  16S2.  '  Belgian  Female.  Good  condition.    Weight,  2050  grams. 

December  14,  1914.  11.00  a.ra.  Received  0.8  cc.  per  kilo  oil  of 
chenopodium  emulsifed  in  10  cc.  saline  acacia  with  a  few  drops  of 
sodium  carbonate.     Administered  by  stomach  tube. 

12.40  p.m.  Muscle  tremors  very  marked,  thoracic  muscles  especially 
twitching  vigorously,  but  no  coma. 

1.10  p.m.     Muscular  twitching  more  marked. 

1.12  p.m.  Ataxia  of  anterior  extremities.  Rabbit  fell  over  on  left 
side.  Head  retracted.  Spasms  of  posterior  extremities  at  frequent 
intervals. 

2.30  p.m.    Died. 

Autopsy:  Gastric  mucosa  slightly  hyperemic.  Contents  smelled  of 
chenopodium-     Duodenal  mucosa,  punctate  hemorrhages.     Serous  coat. 
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injected.  Liver  congested.  Kidney  showed  hemorrhageB  of  cortex. 
Bladder  distended  with  urine.  Heaxt  injected,  in  diastole.  Lungs 
inflated  but  color  normal. 

Rabbit  54g.    Belgian  Female.    Weight,  1725  grams. 

December  16.  12.30  p.m.  0.5  cc.  oil  of  chenopodium  given  sub- 
cutaneouBly.    No  symptoms  observed  up  to  5  pjn. 

December  17.  2.00  p.m.  Convulsions.  Stood  oq  bind  legs  and 
fell  over  on  her  back,  followed  by  forced  movements.  Tremors  and 
restlessness  during  intervals  between  convulsions. 

4.00  p.m.    Quiet. 

December  18.  3.00  p.m.  Complete  paralysis.  Passed  an  enormous 
amount  of  feces  which  was  normal  in  appearance. 

December  19.     12.00  noon.     Paralyzed  and  comatose. 

R(Abil  615.  White  and  Gray  Male.  Diet,  Oats.  Weight,  1420 
grams. 

May  26,  191 1.     11 .40  a.m.    0.7  cc.  ascaridole  administered  by  mouth. 

12.30  p.m.     Symptoms  appeared — tremors. 

1.25  p.m.  Coma — opisthotonus.  Posterior  extremities  extended; 
anterior  extremities  paralyzed;  dyspnoea. 

1.30  p.m.  Convulsion,  accompanied  by  peculiar  cries;  marked 
opisthotonus,  and  cessation  of  respiration,  but  respiration  soon  returned. 

1.40  p.m.  Severe  convulsions.  Rabbit  cried  and  threw  itself  about 
on  holder.    Respiration  ceased  but  soon  returned. 

1.45  p.m.     Violent  convulsions;  short  duration. 

1.55  p.m.     Violent  convulsion;  survived. 

2.00  p.m.     Convulsions  with  peculiar  cries;  died  in  attack. 

RaiAit  1561.    Gray  Male.     Diet,  Oats.     Weight,  1660  grams. 

November  12,  1914.     Albumin— trace. 

1.20  p.m.    0.86  cc.  ascaridole  given  by  mouth. 

3.00  p.m.  Violent  convulsions,  repeated  attacks.  No  increase  of 
reflexes. 

5.00  p.m.    Comatose  and  paralyzed. 

Noyember  13.  9.00  a.m.  Dead.  Urine  passed  after  injection, 
trace  albumin.     Reduction  heavy. 

Autopsy:  A  few  punctate  hemorrhages  into  gastric  mucosa  which 
was  very  pale.  Small  intestine  injected,  mucosa  red.  Kidneys  and 
liver  congested. 

Rabbit  1S49.    Belgian  Male.    Weight,  1000  grams. 

November  13,  1914.  2.16  pjn.  Injected  1  ce.  dioxide  derived  from 
ascaridttle  subcutaneously. 
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3.00  p.m.     Lay  in  cage  unconscious.     Reflexes  of  pupils  good. 

November  14, 1914.  9.00  p.ni.  Lay  in  cage  unconscious,  apparently 
comatose,  paralyzed.    Conjunctival  reflexes  good,  respiration  slow. 

11.00  a.m.     No  change. 

12.30  p.m.    Dead. 

Autopsy:  Urine  in  bladder  contained  a  good  deal  of  albumin  and 
showed  marked  reduction. 

EXPERIMENTS    ON    GUINEA   PIGS 

The  oil  of  chenopodium,  as  well  as  its  active  principle,  ascaridole 
were  employed.  The  toxic  effects  first  manifested  themselves 
by  the  appearance  of  muscle  tremors  and  spasms  of  the  head 
and  neck  which  were  soon  followed  by  mental  depression,  the 
animal  becoming  dull  and  apathetic.  Respiration  became  slower, 
and  later  marked  dyspnoea  developed.  As  the  stage  of  intoxi- 
cation advanced,  coma  and  paralysis  were  observed  Occasion- 
ally violent  convulsions,  almost  tetanic  in  character,  were  noticed. 
These  were  frequently  short  with  intermissions,  but  in  some 
cases  lasted  several  hours.  The  time  of  onset  of  symptoms  usu- 
ally varied  a  good  deal.  It  was  noticed  m  a  number  of  ejq>eri- 
ments  that  &s  long  as  five  to  six  hours  elapsed  between  the  sub- 
cutaneous administration  of  the  drug  and  the  development  of 
symptoms  which  persisted  at  least  thirty  to  forty  hours.  In 
other  cases  severe  symptoms  developed  within  two  and  one- 
half  hours  after  the  same,  dose  per  kilo.  The  toxicity  also  varied 
in  different  individuals.  The  smallest  fatal  dose  was  0.2  cc.  per 
kilo  by  subcutaneous  injection,  the  duration  of  life  being  less 
than  twenty-four  hours;  on  ti»e  other  hand  larger  amounts  in 
proportion  to  body  we^ht  were  given  without  producing  any 
symptoms.  The  subcutaneous  injection  of  0.4  cc.  per  kilo  was 
followed  by  symptoms  within  about  five  hours  and  death  within 
twenty-four  hours,  or  less.  One  case  may  be  recorded  in  which 
a  dose  of  0.5  cc.  per  kilo  was  survived.  The  resistance  to  cheno- 
podium when  given  by  mouth  was  at  least  twice  as  great  as  when 
given  by  subcutaneous  injection.  Symptoms  developed  in  these 
experiments  approximately  three  to  four  hours  after  the  feeding 
of  the  drug.    One-half  of  a  cubic  centimeter  per  kilo  causeil  death 
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in  two  experiments;  in  one  of  these  when  the  dose  was  repeated 
after  an  interval  of  nine  days.  In  three  other  experiments  the 
introduction  of  a  single  dose,  0.5  cc.  per  kilo,  of  the  oil  of  cheno- 
podium  into  the  stomach  did  not  produce  any  symptoms,  and 
the  animal  survived.  A  considerable  loss  of  weight,  amoimting 
to  15  or  20  per  cent,  was  observed  after  subminimum  doses  of 
chenopodium  or  ascaridole,  whether  given  by  mouth  or  injected 
subcutaneously.  Ascaridole  was  found  to  be  much  more  active 
than  the  oil  itself.  The  subcutaneous  injection  of  0.25-0.27  cc. 
per  kilo  was  invariably  fatal  within  twenty-four  hours.  A  dose 
of  0.1  cc.  per  kilo,  given  as  a  10  per  cent  solution  in  neutral  olive 
oil,  caused  paralysis  and  coma  in  twenty-four  hours  and  death  in 
less  than  forty  hours  in  one  experiment.  In  another  experi- 
ment such  a  dose  had  .no  visible  effect.  Oil  of  chenopodium, 
from  which  the  ascaridole  was  obtained,  and  tested  on  guinea 
pigs,  failed  to  produce  symptQtns  in  doses  of  O.I  cc.  per  kilo 
administered  subcutaneously.  On  autopsy  signs  of  irritation 
of  the  mucous  membrane  of  the  intestine  and  injection  of  the 
blood  vessels  were  very  pronounced.  The  heart  was  also  in- 
jected and  much  darker  in  color  than  normal,  being  almost  choc- 
olate colored.  This  condition  was  observed  in  animals  to  which 
oil  of  chenopodium  was  administered  by  mouth  as  well  as  sub- 
cutaneously. 

Guinea  Pig  192.    Male  White  and  Black.    Weight,  915  grams. 

November  17,  1914.  10.40  a.m.  1  cc.  oil  of  chenopodium  adminis- 
tered in  olive  oil  by  mouth. 

11.15  a.m.     No  symptoms. 

1.40  p.m.     No  symptoms. 

2.00  p.m.     Muscle  tremors,  weakness  of  extremities, 

2.15  p.m.  Spasms  of  inuscles  of  neck.  Chin  rested  on  floor.  Pos- 
terior extremities  weak. 

3.1S  p.m.     Coma  and  paralysis. 

4.00  p.m.     Dyspnoea,  coma,  paralysis. 

November  18.     9.00  a.m.     Found  dead. 

GviTiea  Pig  196.    Male  Black  and  Yellow.     Weight,  955  grams. 

November  18, 1914.  11.35  a.m.  5  cc.  10  per  cent  oil  of  chenopodium 
administered  in  oUve  oil  by  mouth. 
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2.45  p.m.     No  symptoms. 

4.30  pjn.    Condition  good:  No  symptoms. 

November  19,     9.00  a.m.    Alive:  No  symptoms. 

November  27.     Condition  good. 

4.10  p.m.  0.4  cc.  oil  of  cbenopodium  given  by  mouth,  followed 
immediately  by  10  cc.  olive  oil, 

5.00  p.m.    No  symptoms. 

November  28.    9.00  a.m.    Found  dead. 

Autopsy:  Small  intestine  markedly  injected.  Mucous  membrane 
inflamed  and  covered  with  mucua.  Gastric  mucosa  slightly  con- 
gested. Considerable  oil  found  in  stomach  and  intestine.  Odor  of 
cbenopodium  very  distinct.     Heart  injected  and  discolored, 

Guinea  Pig  197.    Male  White  and  Yellow.     We^ht,  880  grams. 

November  18,  1914.  11.00  a.m.  0.5  cc.  oil  of  cbenopodium  ad- 
ministered by  mouth. 

2.45  p.m.    General  tremors,  but  able  to  walk  well- 

4,30  p.m.  Weakness  of  posterior  extrenuties.  No  other  symptoms. 
'    November  19.    9.00  a.m.    Found  dead. 

Autopsy:  Findings  the  same  as  No.  200. 

Guinea  Pig  20$.  Male  Black.  Diet,  Hay  and  Grass.  Weight,  760 
grams. 

November  19,  1914.  1.59  p.m.  0.8  cc.  10  per  cent  oil  of  cbenopo- 
dium in  olive  oil  administered  subcutaneously.  Under  observation  all 
afternoon.     No  symptoms. 

November  20.     No  symptoms  all  day. 

November  21.     No  symptoms. 

November  27.    Condition  pood.    Weight,  605  grams. 

4.05  p.m.  0.35  cc.  oil  of  cbenopodium  administered  by  mouth 
through  stomach  tube. 

December  3.     Alive,  no  symptoms. 

Guinea  Pig  SOO.    Female  Black  and  Brown.     Weight,  755  grams. 

November  18,  1914.  12.20  p.m.  3  cc.  10  per  cent  oil  of  cbenopo- 
dium in  olive  oil  administered  subcutaneously. 

2.45  p.m.  Convulsion — frequent  attacks  and  well  marked.  Short 
intermission:  Able  to  use  legs,  that  is,  able  to  stand  and  walk  during 
intervals  between  attacks. 

4,30  p.m.    Prolonged  convulsions-    Attacks  every  few  seconds. 

November  19.     9.00  a.m.     Found  dead. 

Autopsy:  Heart  ahnoat  chocolate  colored — injected.  No  odor  of 
cbenopodium.    Liver  congested.    Gall  bladder  distended  with  clear 
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bile  which  was  straw  colored  and  odorless.  Stomach  inflamed  in  spots. 
Small  intestine  much  injected  and  inflamed.    Hemorrhagic. 

GuiTiea  Pig  195.    Male  Mole  Color  and  White.    We^ht,  800  grams. 

November  18, 1914.  11.15  a.m.  2  cc.  10  per  cent  oil  of  chenopodium 
in  olive  oil  administered  subcutaneously. 

2.45  p.m.    No  ^mptoms. 

3.30  p.m.     Paralyzed,  but  able  to  crawl  with  difliculty. 

4,30  p.m.  Paralyzed,  spasms  of  extremities  occurred  periodically. 
Rabbit  lay  on  its  side. 

November  19.    9.00  a,m.    Found  dead, 

Guinea  Pig  198.  Male  White  and  Yellow  and  Brown.  Weight,  780 
grams. 

November  18,  1914.  11.55  a.m.  1.5  cc.  (jil  of  chenopodium  in  olive 
oil  administered  subcutaneously. 

2-45  p.m.    No  symptoms. 

4.30  p.m.    No  symptoms. 

November  19.    9.00  a.m.    Found  dead. 

EXPERIMENTS   ON   CATS 

When  the  oil  of  chenopodium,  which  was  given  by  mouth  and 
subcutaneously,  was  administered  in  sufEcient  quantity,  sali- 
vation was  the  first  symptom  to  appear  and  frequently  lasted 
until  the  end  of  the  experiment.  Later,  depression  of  the 
higher  nervous  centers  set  in.  The  animal  became  somnolent 
and  appeared  to  be  in  a  semi-conscious  condition,  even  after 
moderate  doses,  the  head  drooping,  sometimes  the  -nose  touch- 
ing the  floor  of  the  cage,  the  spine  bent  and  muscular  atony 
being  quite  marked.  Vomiting  was  observed  in  a  good  many 
cases  whether  it  was  given  by  mouth  or  subcutaneously,  but 
the  time  of  the  occurrence  varied.  In  some  subjects  it  was 
observed  about  an  hour  after  the  administration,  but  in  others 
it  was  delayed  for  several  hours..  Incoordination,  weakness  of 
extremities,  tremors,  and  convulsions,  clonic  in  character  de- 
veloped in  all  experiments  when  the  dose  was  sufficiently  large, 
in  which  case  symptoms  of  severe  intoxication  developed  within 
one  hour.  Convulsions  may  last  one  or  several  days  and  may 
become  violent.  In  some  experiments  convulsions  were  absent 
but  coma  and  paralysis  developed  on  the  same  day,  or  the  day 
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following  the  admlnistratioD  of  the  chenopodium.  The  resist- 
ance in  well  fed  subjects  varied  a  good  deal.  About  0.6  cc.  per 
kilo  of  the  oil  when  given  by  mouth  was  fatal  in  every  case  within 
eighteen  to  twenty-four  hours.  In  one  cat  the  duration  of  life 
was  nearly  two  days.  The  administration  of  0.4  cc.  was  followed 
by  symptoms,  varying  in  intensity  from  somnolence  and  sali- 
vation to  violent  convulsions  and  coma.  Only  one  cat  survived 
this  dose.  Two-tenths  to  0.25  cc.  of  the  oil  per  kilo  were  toxic; 
but  0.25  cc.  per  kilo  was  fatal  in  one  case.  In  several  experi- 
ments, however,  the  administration  of  0.2  cc.  per  kilo  to  well 
fed  cats  failed  to  produce  any  symptoms  even  when  the  dose  was 
repeated  three  days  lajer.  When  0.16  to  0.2  cc.  oil  of  cheno- 
podium was  fed  to  cats  after  they  were  allowed  to  fast  from  four 
to  six  days,  well  marked  symptoms  developed  in  all  and  were  fatal 
in  some  cases,  causing  death  in  less  than  twenty  hours.  A  second 
dose  given  two  days  after  the  first,  that  was  only  mildly  toxic, 
caused  severe  symptoms  within  three  hours  and  the  animal  died 
during  the  night.  A  smaller  dose  was  not  fatal,  though  one-tenth 
of  a  cubic  centimeter  produced  severe  symptoms  in  nearly  all 
of  our  experiments  on  starving  cats.  Attention  may  be  directed, 
however,  to  two  experiments  in  which  0.3  cc.  per  kilo  of  oil  of 
chenopodium,  fed  to  cats  which  fasted  five  days,  produced  som- 
nolence for  about  one  day,  from  which  they  recovered,  no  other 
effects  having  been  observed.  The  drug  in  this  case,  however, 
was  given  in  5  cc.  olive  oil  instead  of  being  mixed  with  water  or 
an  aqueous  solution  of  gum  acacia,  as  in  all  the  other  experiments 
on  cats.  As  will  be  seen  later,  oils  and  fats  probably  reduce 
the  toxicity  of  the  chenopodium.  That  its  effects  may  also  be 
cumulative  in  cats  was  also  shown  in  these  experiments.  The 
increased  susceptibiUty  may  last  several  days  as  in  Experiment 
64.  The  changes  observed  on  .ppst  mortem  examination  were 
those  due  entirely  to  circulatory  disturbance.  The  heart  was 
enlarged  and  the  coronary  vessels  injected.  The  kidneys  were 
'also  enlarged  and  congested,  the  fiver  showed  congestion  and 
hyperemia,  but  this  was  never  very  marked.  No  noteworthy 
changes  could  be  found  either  in  the  stomach  or  in  the  intestines. 
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Cat  eS.    Tiger  Female.     Well-fed.     Weight,  1950  grams. 

December  6.  0.5  cc.  oil  chenopodium  administered  by  mouth  in 
5  cc.  water. 

December  7.  Cat  vomited  during  the  night;  paralyaed;  general 
tremors,  coma,  reflexes  increased.    Died  in  the  afternoon  of  December  7. 

Cat  64.    Black  and  White  Female.    Weight,  2370  grams. 

December  6.  0.5  cc.  oil  of  chenopodium  administered  in  5  cc.  water 
by  mouth. 

December  7.    Cat  vomited  during  the  night. 

December  12.    In  good  condition.    No  symptoms.    Weight,  2410 

4.00  p.m.    0.5  cc.  ail  of  chenopodium  given  by  mouth  in  5  cc.  water. 

5.00  p.m.     Sahvation.    No  other  symptoms. 

December  13.     9.0Q  a.m.     Lay  in  cage,  paretic. 

1,00  p.m.  Stru^ed,  attempted  to  rise.  No  appetite — refused  to 
eat  meat  placed  before  it.     Died. 

(Note):  Cat  was  fed  December  11.    No  food  eaten  December  12. 

Cat  S81.    Black  Female.     Well-fed.    Weight,  3200  grams. 

November  18.  10.40  a.m.  1.3  cc.  oil  of  chenopodium  in  water 
given  by  mouth. 

Symptoms:  Mental  depression  and  weakness  of  posterior  extremities 
appeared  a  few  hours  after  the  oil  was  given. 

November  19.  Under  observatioD  all  day.  Frequent  attacks  of 
clonic  convulsions  which  became  almost  violent  at  times,  cat  crying 
frequently  during  the  attacks. 

November  20.  9.00  a.m.  Convulsions  still  observed  but  not  so 
violent.    Cat  looked  leas  depressed, 

November  23.    Died  about  12  noon. 

Autopsy:  Cat  281.  Liver  congested,  kidneys  enlai^ed  and  slightly 
congested  in  medulla.  Heart  congested.  Blood  vessels  all  over 
body  injected.    No  other  noteworthy  changes. 

Cat  282.    Female  Tiger.     Well-fed.     Weight,  3075  grams. 

November  18.  10.55  a.m.  1.2  cc.  oil  of  chenopodium  in  water 
^ven  by  stomach  tube. 

1.25  p.m.    Salivation  present  but  no  other  symptoms. 

4.30  p.m.  Somnolent.  When  placed  on  the  floor  jumped  up  sud- 
denly, behaved  as  if  excited. 

November  19.  Under  observation  all  day.  Salivation  occasionally. 
Muscle  tremors  in  posterior  extremities,  but  not  paralysis.  Condition 
good. 
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Cat  279.    Black  Female.     WeU-fed.     Weight,  2570  grams. 

November  17.  11.55  a.m.  0.5  cc.  oil  of  cheDopodium  in  water 
administered  by  mouth  through  stomach  tube.  Weakness  of  posterior 
extremities  noticed  after  several  hours. 

November  18,  19,  20.     No  symptoms,  appetite  good. 

November  20.  11.40  a.m.  0.5  cc.  oil  of  chenopodiiun  administered 
in  water  by  mouth  through  stomach  tube. 

3.15  p.m.     No  symptoms.     Survived. 

Cat  274.     Female  Tiger. 

November  14.     Food  withdrawn.' 

November  16.    Weight  1546  gramfi. 

November  18.    Weight,  1450  grams. 

10.00  a.m.  0.3  oil  of  chenopodium  in  water  given  by  mouth  through 
stomach  tube. 

12.00  p.m.    Head  bent,  drooping,  looked  sleepy. 

November  19.  Under  observation  all  day.  Somnolent  but  no  other 
symptoms. 

November  20.    9.00  a.m.    Condition  good,  no  symptoms.    ' 

12.15  a.m.    0.25  cc.  oil  of  chenopodium  given  by  mouth  in  olive  oil. 

3.15  p.m.  Symptoms  marked.  Cat  cried.  Incoordination  marked. 
Refused  to  get  up.    Looked  severely  poisoned. 

November  21,  9.00  a,m.    Found  dead. 

Cat  SIS.     Gray  and  White  Female.    Weight,  2380  grams. 

December  26.     11.30  a.m.    Fed  100  grams  meat. 

1.50  p.m.  0.5  cc.  oil  c^  chenopodium  injected  subcutaneously  in 
back. 

3.30  p.m.    No  symptoms.    Animal  active  and  about  n^ormal. 

3.40  p.m.  Vomited  and  depressed.  Lived  leas  than  forty-three 
hours. 

EXPERIMENTB  ON   DOGS 

Vomiting,  which  occurred  one  to  four  hours  after  the  ad- 
ministration of  the  oil  of  chenopodium,  was  the  first  symptom 
observed  when  a  sxifficient  quantity  was  given  by  mouth  or 
subcutaneously.  After  large  doses,  1.25  to  2.5  cc.  per  kilo, 
injected  subcutaneously,  coma  and  paralysis  also  developed, 
usually  within  two  hours,  terminating  in  death  in  about  six  hours. 
The  symptoms  were  ■  somewhat  different  after  smaller  doses. 
Vomiting  and  salivation  occurred  as  in  the  experiments  with  lat^ 
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doses,  but  these  were  followed  by  general  depression  and  muscular 
incodrdination.  Later,  coma  and  convulsions  were  eho  observed 
and  persisted  for  two  or  three  days.  The  minimum  lethal  dose, 
when  given  by  subcutaneous  injection,  is  about  0.3  to  0.4  cc. 
per  kilo.  Smaller  doses,  0.2  cc.  per  Idlo,  never  produced  any 
symptoms;  surfi  amounts,  however,  when  repeated  after  an  inter- 
val of  twenty-four  hours,  were  fatal.  That  much  larger  doses 
may  be  given  by  mouth  is  shown  in  Experiment  203.  It  will 
also  be  noticed  that  there  was  no  evidence  of  cumulative  action 
in  this  case.  Pest  mortem  examination  showed  the  heart  to  be 
enlarged  and  distended,  and  the  coronary  vessels  injected.  There 
was  aJso  enlai^ment  of  the  kidneys  which  were  congested.  The 
liver  was  injected  and  congested,  but  no  other  noteworthy  changes 
of  the  abdominal  organs  were  noticed. 

Puppy  SO4.    Weight,  1570  grams. 

November  25,  9,39  a.m.  2  cc.  oil  of  chenopodium  given  subcu- 
taneously. 

10.45  a.m.  Food  vomited;  salivation;  animal  depressed.  Able  to 
walk  but  gut  stiff. 

4,20  p.m.     Dying. 

November  26.     10.00  a.m.     Found  dead. 

Puppy  SOT.    Brown  Female.    Weight,  1550  grams. 

November  25.  12.05  p.m.  0.3  cc.  oil  of  chenopodium  administered 
subcutaneously. 

4.20  p.m.    No  symptoms,  condition  good. 

November  26.  10.00  a.m.  No  symptoms.  0.3  cc.  oil  of  chenopodium 
administered  subcutaneously. 

11.00  a.m.  Salivation,  and  animal  qiuet.  .Was  very  noisy  b^ore 
injection. 

November  27.  9.00  a.in.  Symptoms  of  severe  intoxication;  coma 
and  spasms. 

November  28.    9.00  a.m.    Found  dead. 

Dog  SOS.    White  Female.     Weight,  4.4  kilos. 

November  21,  1.50  p.m.  Received  2  cc.  oil  of  chenopodium  by 
mouth  in  water  by  stomach  tube. 

4.25  p,m.    No  symptoms. 

November  23.    9.00  a.m.     Lively,  general  condition  good. 
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11.50  a.m.  Received  2  cc.  oil  of  chenopodium  in  water  and  a  few 
drops  of  olive  oil. 

12.30  p.m.  Food  given  waa  vomited.  No  symptoms  developed. 
Under  observation  several  days. 

Dog  2/2.     Black  Female.     Weight,  10.4  kiloe. 

December  10,   1914.     10.55  a.m.     3.2  cc.  oil  of  chenopodium  in- 
jected aubcutaneously. 
.  11.15  a.m.    No  symptoms. 

11.40  a.m.    No  symptoms.    Ate  meat. 

I.OO  p.m.    No  symptoms. 

2.00  p.m.    No  symptoms.  * 

3.00  p.m.    Slight  incodrdination  present. 

3.05  p.m.    Vomited. 

4.50  p.m.    Somnolent,  g^t  unsteady,  but  able  to  walk. 

December  11.  9.00  a.m.  Looked  depressed,  laid  down  and  refused 
to  get  up,  unable  apparently  to  raise  herself.  Was  picked  up  and  made 
to  stand  on  legs  a  few  seconds;  unable  to  walk,  incoordination  being 
very  marked  in  hind  lege. 

10.30  a.m.     Lay  in  comatose  condition;  convulsion  present. 

12.10  a.m.     Struggled.     Had  spasms  and  cried  as  if  in  pain. 

December  12.     9.00  a.m.     Dead. 

Dog  gl5.    Brown  Female.    Weight,  8.6  kilos. 

December  26.    11.30  a.m.    Rec^ved  about  200  grams  meat. 

1.45  p.m.  Received  5.2  cc.  oil  of  chenopodium  emulsified  with  20  cc. 
5  per-  cent  gum  acacia  and  a  few  drops  of  sodium  carbonate  by  mouth. 

2.15  p.m.  Vomited.  Sahvation.  Marked  incoordination  present. 
Also  narcosiB  from  which  dog  was  aroused  with  difficulty.  Breathing 
deep,  25  per  minute. 

4.00  p.m.  Deep  narcosis.  Profuse  salivation.  Dog  seemed  to 
suffer  pwn.    Lived  less  than  forty-three  hours. 

DISCU8BI0N 

Although  the  symptoms  produced  by  oil  of  chenopodium  or 
ascaridole  were  in  the  main  very  similar  in  all  the  atiimals  upon 
which  it  haa  been  tested,  there  were  nevertheless  some  difTerences 
which  may  be  pointed  out  with  advantage.  The  guinea  pig 
responded  more  frequently  by  showing  muscle  tremors  at  first, 
then  convulsions  and  coma,  while  in  cats  and  dogs  symptoms 
of  depression  of  the  nerve  -centers  were  the  first  effects  observed. 
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In  the  rabbit  the  symptoms  varied  a  good  deal  in  different 
individuals.  Narcosis  in  some  and  excitement  in  others  were 
the  predominant  symptoms  observed  first.  In  some  animals 
narcosis  was  the  only  symptom  when  a  sufficient  amount  was 
a^niinistered.  In-  dogs  and  cats  the  depressing  effect  on  the 
nervous  system  was  observed  shortly  after  the  subcutaneous 
administration,  followed  by  deep  coma  and  spasms,  which  were 
rather  mild  by  comparison  with  those  in  guinea  pigs  and  rabbits. 
The  course  of  intoxication  when  the  dose  was  not  very  large  was 
usually  prolonged  in  all  of  the  animals,  Easting  in  some  as  long 
as  three  and  four  days. 

A  comparison  of  the  resistance  of  different  animals  shows  that 
the  differences  are  by  no  means  striking,  the  substance  being 
about  equally  toxic  for  the  rabbit,  guinea  pig,  and  dog,  but 
somewhat  smaller  doses  were  required  to  produce  the  same 
effect  in  cats.  As  already  stated,  0.25  cc.  of  oil  of  ehenopodium 
per  kilo  by  mouth  produced  death  in  one  cat.  Approximately 
twice  this  dose  caused  vomiting  only  in  dogs.  Such  low  resist- 
ance in  the  cat  may,  however,  be  regarded  as  exceptional.  In 
most  cases  0.4  cc.  per  kilo  may  be  safely  regarded  as  the  lethal 
dose  for  the  cat,  when  given  by  mouth  and  0.2  cc.  as  the  fatal 
dose  by  subcutaneous  injection.  Rabbits  hkewise  differed  in 
their  behavior  toward  ehenopodium,  0.4  cc.  per  kilo  by  mouth 
beir^  fatal  in  most  cases,  but  this  dose  and  even  0.6  cc.  per 
kilo  were  well  borne  by  some  individuals.  This  would  indicate 
tiiat  their  resistance  in  general  is  greater  than  that  of  cats. 
Besides,  the  dose  by  subcutaneous  injection  was  distinctly 
smaller  in  cats.  The  toxicity  was  the  same  for  guinea  pigs  when 
they  were  fed  by  mouUi,  but  it  was  distinctly  greater  when 
given  subcutaneously.  It  may  be  remarked  in  this  connection 
that  the  difference  in  resistance  when  given  by  mouth  aiid 
'  subcutaneously  varied  considerably  in  different  animals.  It 
*  will  be  recalled  that  in  guinea  pigs  the  minimum  lethal  dose 
by  mouth  was  fully  twice  as  much  as  by  subcutaneous  injection. 
The  case  was  the  same  in  dogs  and  in  cats,  but  in  rabbits  the 
surely  fatal  dose  by  subcutaneous  injection  was  the  same  as  tiie 
minimum  fatal  dose  by  mouth.    This  may  be  explained  by  as- 
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suming  that  the  rate  of  absorption  is  probably  not  much  different. 
Indeed,  the  rapid  appearance  of  symptoms  after  lai^er  doses 
when  given  by  mouth  indicate  that  such  is  probably  the  case  in 
rabbits,  but  absorption  alone  does  not  e^qilain  it,  since  in  the 
guinea  pig  symptoms  appeared  about  the  same  time  whether 
given  by  mouth  or  subcutaneously.  Some  other  factors  prob- 
ably enter  in  the  determination  of  the  greater  toxicity  by  sub- 
cutaneous injection.  May  it  not  be  due  to  detoxication  by  the 
intestinal  contents?  In  a  number  of  experiments  the  over- 
distention  of  the  gall  bladder  was  noticed  at  autopsy  in  the 
guinea  pigs,  but  not  in  the  rabbits.  Perhaps  increased  secre- 
tion of  the  bile  diminishes  the  toxicity  of  chenopodium.  De- 
toxication of  some  of  the  essential  oils  by  glycuronic  acid  was 
claimed  by  HJldebrandt  (7),  Matzel  (8)  and  others.  Perfiaps 
the  oil  of  chenopodium  forms  a  less  toxic  compound  with  the 
glycuronic  acid  of  the  bile. 

The  effect  of  the  nutritionxd  condition  of  the  animal  on  the 
toxicity  of  chenopodium  was  very  strikii^y  shown  by  our 
experiments  on  starving  cats  as  four  or  five  days  fasting  exerted 
a  marked  increase  in  the  toxicity  of  chenopwdium.  Two-tenths 
of  a  cubic  centimeter  per  kilo,  administered  by  mouth,  produced 
death,  and  0.1  cc.  caused,  in  nearly  all  cases,  severe  symptoms, 
thou^  recovery  was  the  rule.  Poorly  nourished, animals,  such 
as  were  frequently  brought  into  the  laboratory,  which  were 
given  chenopodium  shortly  after  their  arrival,  showed  a  markedly 
Lower  resistance  than  animals  which  had  been  some  time  io  the 
laboratory  and  were  well  fed.  The  increase  of  tat  in  the  blood 
in  starvation  and  the  loss  of  fat  from  the  tissues  which  occurs 
in  this  condition  were  probably  responsible  for  the  decrease  of 
the  resistance  to  chenopodium  since  a  larger  amount  of  it  would 
thus  be  transported  to  the  central  nervous  sj^tem  and  other 
organs  instead  of  being  distributed  among  the  hpoids  of  the 
body.  Support  for  this  view  is  furnished  by  experiments  we 
carried  out  on  cats  and  rabbits  in  which  the  effects  of  various 
fixed  oils  on  the  toxicity  of  chenopodium  were  tested. 

Examination  of  the  results  of  the  experiments  on  cats  presented 
in  Table  1  shows  that  in  four  experiments  with  0.4  cc.  oil  of 
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chenopodium,  given  with  olive  oil,  two  survived  without  showing 
any  symptoms  of  poisoning.  One  was  found  dead  four  days 
later  but  never  exhibited  any  signs  of  intoxication,  while  another 
died  after  six  or  seven  hours,  with  typical  symptoms  of  poison- 
ing by  oil  of  chenopodium.  Th^  cat,  it  may  be  remarked,  re- 
ceived chenopodium  shortly  after  it  was  brot^t  to  the  laboratory 
and  was  emaciated  and  seemed  to  be  in  poor  condition  generally. 
It  may  be  safely  concluded,  therefore,  that  such  a  dose  does  not 
produce  death  when  given  with  fixed  oils.  It  certainly  does  not 
cause  acute  effects,  while  it  will  be  recalled  that  0.4  cc.  per 
kilo  fed  in  water  or  with  acacia  was  always  toxic  and  was  seldom 
survived.  Furthermore,  when  olive  oil  was  given  even  a  larger 
dose,  0.6  cc.  per  kilo,  which  was  invariably  fatal  when  given  with 
acacia  or  in  water,  produced  in  one  case  slight  symptoms  only, 
and  the  aninial  survived  (292). 

Experiments  275  and  278  likewise  illustrate  the  neutralizing 
effect  of  olive  oil.  Both  cats  were  treated  in  precisely  the  same 
way.  After  having  been  allowed  to  fast  the  same  length  of  time 
they  received  0.3  cc.  of  the  oil  of  chenopodium  by  mouth  but 
no  effect  was  noticed  as  a  result  of  the  treatment.  A  second 
dose  of  the  same  size  was  given  later  in  15  cc.  ohve  oil  to  one  and 
to  the  other  a  dose  mixed  with  water  which  served  as  a  control. 
As  shown  in  the  table,  the  latter  developed. symptoms  of  severe 
intoxication  in  two  hours  and  lived  twenty-three  hours  while  its 
mate  survived  without  any  appreciable  effect. 

In  experiments  on  rabbits  similar  results  were  obtained. 
Although  the  fixed  oils  failed  in  some  cases  to  modify  the  action 
of  chenopodium,  the  results  obtained  indicate  that  the  toxicity 
of  chenopodium  is  undoubtedly  decreased  by  glycerides.  As 
stated  above,  0.4  cc.  of  chenopodium,  given  by  mouth,  is  often 
fatal,  but  some  animals,  however,  may  survive  as  much  as  0.6  cc. 
per  kilo.  None  survived  a  dose  of  0.8  cc.  per  kilo.  Such  a 
dose  is,  therefore,  surely  fatal.  We  foxmd,  on  the  other  hand, 
that  0.4  cc.  chenopodium  per  kilo  was  never  acutely  fatal  to 
rabbits  which  were  ■  given  cocoanut  or  cottonseed  oil  several 
hours  or  one  day  previously.  Six-tenths  of  a  cubic  centimeter  per 
kilo  of  oil  of  chenopodium  was  fatal  to  some  rabbits  but  others 
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survived  such  a  dose.  Evideuce  of  detoxicating  action  was 
also  obtained  in  experiments  with  larger  doses.  It  was  found 
that  0.8  to  1.0  cc.  per  kilo,  given  in  an  aqueous  solution  of  acacia 
as  an  emulsion  caused  death  in  one  to  five  hours.  Some  animals 
lived  one  day.  The  duration  of  life  in  three  experiments  when 
the  injection  of  cottonseed  oil  subcutaneously  or  into  the  peri- 
toneal cavity  was  followed  by  0.8  to  1.0  cc.  chenopodium,  was 
fourteen  to  twenty-four  hours.  In  three  others  similarly  treated 
one  cubic  centimeter  per  kilo  failed  to  produce  any  symptoms 
in  one  rabbit,  another  lived  five  days,  a  third,  which  received  0.8 
cc.  per  kilo,  lived  nine  days.  It  is  evident,  therefore,  that 
acute  symptoms  may  be  suppressed  by  simultaneous,  or  even 
previous,  administration  of  the  fixed  oUs.  It  is  doubtful  whether 
the  fata!  outcome  may  be  ascribed  to  the  chenopodium  per 
se.  It  is  more  likely  that  the  death  was  due  to  loss  of  appetite 
produced  by  it,  for  in  the  cats,  which  did  not  suffer  any  loss  of 
appetite,  no  after  effects  were  observed,  while  in  290,  which 
refused  food,  the  outcome  was  fatal.  The  detoxicating  effect 
of  fat  is  probably  due  to  the  solubility  of  the  chenopodium  in 
fixed  oils  which  led  Nerking  (9)  to  assume  on  the  basis  of  the 
Meyer-Overton  theory  that  anesthetics  may  be  detoxicated  by 
lipoids.  He  found  that  if  a  sufficient  amount  of  lecithin  is 
introduced  into  the  circulation  of  animals  in  deep  narcosis,  the 
effects  of  the  anesthetic  may  disappear  promptly,  also  that  a 
larger  amount  of  it  is  necessary  to  produce  anesthesia  if  the 
animal  received  a  previous  injection  of  lecithin.  The  results 
of  Nerking  were  disputed  by  Kramer  (10),  who  repeated  the 
experiment.  Our  findings,  however,  would  seem  rather  to  sup- 
port Nerking's  conclusions. 

Evidence  of  detoxication  by  the  presence  of  large  amounts  of 
glycogen  in  the  body  was  also  obtained  in  some  of  our  experi- 
ments, as  shown  in  the  following  abbreviated  protocol. 

■  Rabbit  641,  diet  oats,  w^ht  1375  grams.  0.5  cc.  ascaridole  per 
kilo.    Found  dead  three  hours  later. 

Rabbit  615,  diet  oats,  weight  1420  grams.  0.5  cc.  ascaridole  per  kilo. 
Symptoms  appeared  within  one  hour.  Died  two  hours  twenty  minutes 
after  receiving  ascaridole. 
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Rabbit  640,  diet  carrota,  w^ght,  .1540  grams.  0.5  cc.  ascaridole  per 
kilo.     Spasms  in  two  hours.    Survived. 

That  the  essential  oils  may  be  detoxified  by  glycuronic  acid 
haa  been  shown  by  Schmiedeberg  and  Meyer  (11),  Hildebrandt 
(12)  and  later  by  Matzel  (13).  Mayer  (14)  and  Hildebrandt 
(15)  found  that  much  larger  amounts  of  glycuronic  acid  were 
obtained  after  feeding  grape  sugar  or  cane  sugar  which  might 
thus  explain  the  effect  of  chenopodium  or  ascaridole  in  star- 
vation. The  different  behavior  of  chenopodium  in  starvation 
and  when  administered  after  feeding  a  rich  carbohydrate  diet  may 
be  explained  therefore  by  assuming  that  under  these  conditions 
the  variation  in  the  amount  of  glycogen  is  accompanied  by  a 
difference  in  the  quantity  of  glycuronic  acid  formed.  The 
formation  of  glycuronic  acid  from  the  glycerin  in  fats  as  sug- 
gested by  Neurberg  (16)  may  also  explain  in  part  at  least  the 
neutralization  of  the  effects  of  chenopodium  by  the  glycerides. 

Attention  has  already  been  called  to  the  cumulative  effect 
of  chenopodium.  A  more  complete  survey  of  the  data  as  pre- 
sented in  Table  II  indicates  very  clearly  that  when  given  even  at 
intervals  of  several  days,  symptoms  and  sometimes  death  was  pro- 
duced by  doses  considerably  below  the  minimum  toxic  amoimts. 
Thus  it  will  be  noticed  that  0.25  to  0.3  ec.  ascaridole  per  kilo 
pven  by  mouth  caused  death  after  the  fifth  and  even  after  the 
fourth  dose.  When  given  subcutaneously  a  non-toxic  dose  given 
two  or  three  dayE  later  also  caused  death  in  rabbits.  The 
experiments  in  cats  have  likewise  shown  immistakable  cimiul- 
ation.  A  toxic  dose  repeated  several  days  later,  or  even  a  sub- 
minimum  dose,  if  not  too  small,  was  fatal  when  repeated  after 
a  few  days  and  four  or  five  small  doses  administered  at  intervals 
of  several  days  were  fatal.  That  this  increased  susceptibility 
seems  to  last  for  a  considerable  length  of  time  appears  with  es- 
pecial clearness  in  the  guinea  pig  which  received  0.5  cc.  oil  of 
chenopodiiuu  per  kilo  in  olive  oil  which  failed  to  cause  any 
symptoms  but  the  same  dose  was  fatal  when  fed  nine  days  later. 

Since  the  results  presented  in  the  present  report  demoi^trate 
conclusively  that  chenopodium  is  a  very  toxic  substance  for 
animals,  a  word  of  caution  may  be  addressed  to  physicians 
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regarding  its  use  in  the  human  subject,  more  especially  as  a  niun- 
ber  of  cases  of  chenopodium  poisoning  have  been  reported 
recently  by  Levy  (17).  It  is  of  interest  to  note  that  Motter  (18) 
commenting  in  a  recent  article  in  the  PubUc  Health  Reports  on 
chenopodium  poisoning,  states  that  the  dose  appears  to  have  been 
excessive  and  in  some  cases  was  repeated,  and  then  quotes 
several  writers  who  maintained  that  the  use  of  chenopodium 
does  not  cause  any  important  secondary  actions. 

Since  chenopodium  is  at  present  being  used  not  only  in  ascarides 
but  also  in  hookworm  disease  which  is  associated  with  mal- 
nutrition, its  exhibition  in  large  and  frequently  repeated  doses 
cannot  be  recommended.  Briining  (19)  and  SchufTner  and 
Vervoort  (20)  recommend  as  much  as  one  gram  every  hour  imtil 
three  doses  have  been  given  to  children  from  three  to  thirteen 
years. 

The  increased  toxicity  of  chenopodium  in  starvation  and  its 
cumulative  effect  are  important  factors  as  shown  in  our  experi- 
ments in  determining  its  toxicity.  It  is  quite  possible  that  the 
reason  that  there  are  so  few  cases  of  poisoning  in  the  literature 
is  that  castor  oil  has  usually  been  administered  immediately 
after  chenopodium  which  is  quite  likely  to  exert  an  antidotal 
influence  upon  the  drug. 

SUMMAKY   AND   CONCLUSIONS 

Chenopodium  produces  in  cats  and  dogs,  first,  symptoms  of 
depression  of  the  higher  nerve  centers,  then  convulsions. 

The  reaction  of  the  rabbit  varied,  the  symptoms  being  the 
same  as  in  camivora  in  some  individuals;  in  others  either  excite- 
ment or  depression  only  'were  present. 

Guinea  pigs  presented  a  picture  of  poisoning  resembling  that 
of  rabbits  in  some  respects. 

The  resistance  of  dogs,  rabbits  and  guinea  pigs  to  chenopodiiun 
was  approximately  the  same.  The  drug  was  distinctly  more 
toxic  for  the  cat.  The  minimum  fatal  dose,  when  administered 
by  mouth,  was  about  double  that  by  subcutaneous  injection  in 
dogs,  cats,  and  guinea  pigs,  but  the  difference  was  less  in  the 
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rabbit.  The  rate  of  absorption  by  subcutaneous  injection  and 
by  mouth  was  about  the  same  (as  judged  by  the  appearanc?  of 
symptoms).  Ascaridole  was  about  30  per  cent  more  toxic  than 
chenopodium.  Its  rearrangement  product  was  less  than  half  as 
toxic  as  chenopodium. 

The  toxicity  of  chenopodium  is  distinctly  increased  in  star- 
vation and  is  decreased  by  feeding  oils  and  by  feeding  a  rich 
carbohydrate  diet. 

Detoxication  by  glycuronic  acid  derived  from  glycogen  and 
glycerides  is  suj^ested.  The  suppression  by  fixed  oils  of  acute 
symptoms  produced  by  chraiopodium  may  also  be  explained  by 
its  solubility  in  oils. 

Cumulative  effects  of  ascaridole  and  of  chenopodium  were 
observed  in  different  animals. 
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Introduction.  In  our  previous  communications  ( 1 ,  2) ,  we 
have  shown  that  an  artificial  hydrocephalus  can  be  produced 
experimentally,  either  by  the  injection  of  aleuronant  or  by 
blocking  the  lower  end  of  the  aqueduct  of  Sylvius  with  gauze 
or  cotton,  while  a  very  rapidly  fatal  hydrocephalus  can  be  pro- 
duced by  a  combination  of  the  two  methods.  We  also  demon- 
strated that  the  cerebrospinal  fluid  pressure  varied  with  the 
pressure  in  the  venous  sinuses,  and  that  interference  with  the 
carotid  circulation  has  only  a  transitory  effect  on  cerebrospinal 
pressure  and  none  on  the  rate  of  secretion  of  the  choroid  plexus. 
The  absorption  of  cerebrospinal  tlmd,  was  shown  to  be  largely 
through  the  venous  channels,  50  per  cent  to  60  per  cent  being 
absorbed  in  two  houre,  while  the  lymphatic  absorption  is  very 
slow  and  small  in  amount.  Neutral  phenolsulphonephthalein 
was  found  to  be  the  best  indicator  of  the  rate  of  absorption  from 
the  subarachnoid  space. 

In  the  pursuance  of  the  investigations  we  have  had  in  mind 
many  clinical  problems,  e.g.,  meningitis,  brain  tumors  and 
hydrocephalus,  in  which  the  increase  in  cerebrospinal  fluid 
plays  so  important  a  part  in  the  symptomatolc^y  and  outcome 
of  the  disease.  Looking  upon  the  choroid  plexus  as  a  secretory 
oi^an,  and  confronted  with  the  failure  to  deal  adequately  with 
the  overwhelming  increase  of  cerebrospinal  fluid  by  drainage 
or  other  means,  the  question  arose  in  our  minds,  can  the  out- 
flow of  cerebrospinal  fluid  be  controlled  at  its  source?    In  thyroid 
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extract  we  have  diacovered  a  substance  with  answers  this  ques- 
tion affinnatively. 

This  communication  is  a  continuation  of  our  work  on  the 
secretion  of  the  cerebrospinal  fluid,  the  main  object  of  which 
is  the  determination  of  such  correlations  as  may  exist  between 
the  choroid  plexus  and  other  glands.  In  pursuance  of  this  ob- 
ject we  have  investigated  the  influence  of  saline  extracts  of 
various  organs  on  tiie  flow  of  cerebrospinal  fluid. 

Comparatively  little  work  has  been  done  on  the  influence 
of  oi^an  extracts  on  the  choroid  plexus  although  the  effects 
of  various  salts,  drugs  and  other  siibstances  have  been  demon- 
strated by  several  workers. 

Action  of  varums  substances  on  the  fiow  of  cert^ospinal  fluid. 
Cappelleti  (3)  in  1900  first  demonstrated  that  both  ether  and  pilo- 
carpine increased  the  flow  while  atropine  slowed  it.  Dixon 
and  HaUiburton  (4)  in  a  recent  paper  confirmed  tiiese  findings 
and  also  demonstrated  that  brain  extract  and  an  extract  of  the 
choroid  plexus  stimulated  the  secretion  of  cerebrospinal  fluid. 
Among  the  various  substances,  which  they  tested  for  possible 
effect  on  cerebrospinal  fluid  secretion,  should  be  mentioned 
extracts  of  choroid  plexus  and  of  brain,  normal  salt  solution, 
Ringer's' solution,  and  concentrated  solution  of  various  salts; 
also  urea,  inosite,  peptone,  Liebig's  extract,  pituitary  extract, 
mussel  extract,  ^-iminazolylethylamine,  adrenalin,  pilocarpine, 
atropine,  eholesterin,  cerebrospinal  fluid  of  other  animals,  and 
anesthetics,  narcotics  and  hypnotics.  None  of  these  gave 
noticeable  changes  in  the  rate  of  secretion  except  brain  and 
choroid  plexus  extracts.  They  obtained  a  very  sl^t  increase 
with  eholesterin.  Pathological  cerebrospinal  fluid  gave  in- 
teresting results  however.  The  fluid  from  cases  of  general 
paresis,  and  in  one  case  of  delirium  tremens,  stimulated  the 
flow,  while  fluid  from  patients  with  other  diseases  did  not  show 
any  influence. 

Methods.  As  in  previous  experiments,  dogs  under  morphine- 
urethane  anesthesia  were  used.  The  animals  were  placed  in 
an  inclined  position  on  their  backs,  with  the  head  flexed;  a 
cannula  was  inserted  into  the  lower  end  of  the  fourth  ventricle. 


iyGoogIc 


466  CHARLES   H.   FRAZIER  AND  MAX  MINOR  PBBT 

which,  in  this  position,  is  the  most  dep^ident  part  of  the  cere- 
brospinal system.  The  rate  of  secretion  of  cerebrospinal  fluid 
was  measured  by  observing  the  flow  into  a  graduated  glass  can- 
nula and  each  0.01  cc.  adv^ice  recorded  on  the  drum.  Femoral 
blood  pressure  and  respiratory  tracing^  were  made  in  the  usual 
way  and  recorded  synchronously  with  the  flow  of  cerebrospinal 
fluid.  In  some  of  our  experiments  the  sinus  pressure  was  also 
recorded.  This  was  done  throi^h  a  trephine  opening  into  the 
torcular  herophili;  in  which  was  inserted  a  tight  fittii^  cannula 
connected  with  manometer  filled  with  a  saturated  solution  of 
m^^nesium  sulphate.  The  saline  extracts  were  injected  into 
the  exposed  femoral  vein. 

Saline  extracts  of  the  following  glands  were  used:  brain, 
thyroid,  pancreas,  spleen,  kidney,  Uver,  testes,  and  ovary.  The 
glands  were  removed  from  freshly  killed  dogs  and  ground 
with  clean  sand  to  a  fine  paste.  Normal  saline  was  added  in 
the  proportion  of  2  cc.  to  1  gram  of  the  fresh  gland,  except 
the  thyroid  and  adrenals,  where  4  cc.  to  1  gram  were  used. 
This  material  was  then  centrifi^ed  at  high  speed  and  the  super- 
natant fluid  used  for  the  injections.  Human  thyroids  removed 
at  operation  from  cases  of  goitre  were  treated  in  the  same  way. 

The  action' of  these  extracts  was  controlled  by  the  injection 
of  other  substances  such  as  urine,  bile,  cerebrospinal  fluid, 
chloroform,  ether,  amyl-nitrate,  magnesium  sulphate  and  physio- 
logical saline  solution. 

Experiments.  The  following  records  are  typical  examples 
of  numerous  experiments  made  with  each  glandular  extract. 
Glands  from  several  dogs  were  used  in  order  to  eliminate  any 
individual  variation  which  might  be  present. 

SPLENIC   EXTRACT 

Injections  of  various  amounts  of  splenic  extract  gave  the 
following  results. 

1  cc.  splenic  extract.  Normal  rate  was  0.0375  cc.  per  minute 
(0.05  cc.  in  82  sec.)  After  injection  of  1  cc.  splenic  extract 
the  rate  increased  to  0.0467  cc.  per  minute  (0.2  cc.  in  256  sec.) 
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or  an  actual  increase  of  0.0092  cc.  per  minute.  Very  little  change 
in  blood  presaure  resulted.    Figure  1. 

2  cc.  splenic  extract.  Normal  rate  was  0.065  cc.  per  minute 
(0.13  cc.  in  120  sec.)  After  injection  of  2  cc.  splenic  extract 
the  rate  increased  to  0.253  cc.  per  minute  (0.43  cc.  in  98  see.) 
an  actual  increase  in  rate  of  0.188  cc.  per  minute.  This  was 
followed  by  an  absolute  cessation  of  flow  for  197  seconds  at  which 
time  the  flow  returned  slowly  to  normal.  At  the  normal  rate 
0.3195  cc.  would  have  flowed  from  the  cannula  during  this 
period.  Subtracting  this  from  the  actual  flow  of  0.43  cc.  we 
find  there  was  an  actual  increase  in  fluid  of  0.1105  cc.  above 
the  normal  amount  for  that  length  of  time  and  an  increase  in 
rate  of  0.022  cc.  per  minute.  Coincident  with  the  rapid  increase 
in  rate  a  moderate  drop  in  blood  pressure  was  recorded.  As 
the  blood  pressure  began  to  rise  the  flow  of  oerebro-epinal  fluid 
ceased  and  did  not  commraice  until  the  blood  pressure  had 
practically  reached  normal.  The  actual  rate  of  flow  for  the 
entire  period  from  the  time  of  injection  to  the  return  of  normal 
rate  is  practically  normal. 

A  more  marked  drop  in  blood  pressure  resulted  from  the  in- 
jection of  the  same  amount  in  another  dog.  In  this  case  the 
normal  rate  was  0.0545  cc.  per  minute  .(0.06  cc.  in  66  sec.). 
After  injection  of  2  cc.  splenic  extract  the  rate  increased  to 
0.3205  ce.  per  minute  (0.39  cc.  in  73  sec.)  an  increase  in  rate 
of  0.266  cc.  per  minute.  A  marked  drop  in  blood  pressure 
accompanied  this  rapid  increase  in  rate.  As  the  blood  pressure 
returned  to  normal  the  rate  decreased  to  0.0162  cc.  per  minute 
(0.06  cc.  in  222  sec.)  a  decrease  from  the  normal  rate  of  0.0383 
cc.  per  minute.  The  whole  period  after  injection,  295  seconds 
would  yield  at  the  normal  rate  0.2679  cc.  subtracting  this  from 
the  actual  flow  of  0.45  cc.  gives  an  increase  in  fluid  of  0.1821 
cc.  for  the  period,  and  an  increase  in  rate  of  0.037  cc.  p^  minute. 
After  the  blood  pressure  had  returned  to  normal,  the  rate  was 
much  slower  than  before  injection  so  that  considering  the  entire 
period  from  the  time  of  injection  to  the  time  when  a  normal  rate 
was  resumed  we  find  that  practically  no  actual  increase  in  rate 
resulted  from  the  injection.     Figure  2. 
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4  cc.  splenic  extract.  Normal  rate  was  0.024  ce.  per  minute 
(0.06  cc.  in  160  sec).  After  injection  of  4  cc.  splenic  extract 
tiie  rate  increased  to  0.0986  cc.  per  minute  (0.41  cc.  in  249  sec.) 
axk  increase  in  rate  of  0.0746  cc.  per  minute.  A  steady,  tbot^ 
gradual,  drop  in  blood  pressure  was  associated  with  the  increase 
in  rate,  which  at  first  was  very  rapid,  but  soon  decreased  to  less 
than  normal,  so  that  the  final  result  was  the  same  as  before, 
i.e.,  practically  no  increase  iu  rate  considering  the  whole  period. 
Figure  3. 

Other  splenic  injections  gave  similar  results,  which  may  be  sum- 
marised as  a  marked  drop  in  blood  pressure  with  a  rapid  increase 
in  raie  of  cer^ospindl  fluid  outflow.  The  latier  was  only  transi- 
tory and  loas  invariably  compensated- for  by  the  marked  decrease 
in  rate  or  temporary  cessation  in  flow  which  followed,  uteuaUy  co- 
incident wttt  the  ^adval  return  of  the  blood  pressure  to  normal 

KIDNBT    EXTRACT 

2  cc.  kidney  extract.  Normal  rate  was  0.0545  cc.  per  minute 
(0.08  cc.  in  88  sec.)  After  injection  of  2  cc.  kidney  extract 
the  rate  increased  to  0.0634  cc.  (0.31  cc.  in  293  sec.)  per  minute, 
an  increase  of  only  0.0089  cc.  per  minute.  Immediately  after 
injection  an  irregularity  marked  by  a  slight  rise  and  fall  in  the 
blood  pressure  was  recorded.  This  was  coincitfent  with  the 
rapid  and  very  transitory  increase  in  rate  which  was  cran- 
pensated  for  by  a  marked  decrease  in  rate  immediately  followii^ 
so  that  the  average  rate  for  the  whole  period  is  very  close  to 
the  normal. 

2  cc.  kidney  extract.  On  this  dog  the  effect  of  2  cc.  of  extract 
was  much  more  marked  than  in  the  previous  animal.  Normal 
rate  was  0.0818  cc.  per  minute  (0.06  cc.  in  44  sec.)  after  injec- 
tion the  rate  increased  to  0.415  cc.  per  minute  (1.19  cc.  in  172 
sec.)  an  increase  in  rate  of  0.3697  cc.  per  minute,  or  over  five 
times  the  normal  rate.  Coincident  with  the  rapid  outflow  was 
the  marked  drop  in  blood  pressure.  The  rate  of  flow  tiien  de- 
creased to  0.066  cc.  perminute  (0.07  cc.  in  63  sec.)  and  remained 
slower  than  normal  until  the  blood  pressure  returned  to  its 
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former  level.  The  actual  rate  for  the  entire  period  was  not 
increased.    Figure  4. 

4  cc.  kidney  extract.  Although  twice  the  amount  given  in 
the  previous  experiment  was  used  in  this  dog  the  effect  was  not 
as  pronounced.  Normal  rate  was  0.0499  cc.  per  minute  (0.03  cc. 
in  44  sec).  After  injection  of  4  cc.  kidney  extract  a  sudden 
slight  drop  in  blood  pressure  was  recorded  and  the  rate  of  the 
cerebrospinal  jSuid  was  increased  to  0.056  cc.  per  minute  (0.28 
cc.  in  300  sec.)  an  increase  of  0.0151  cc.  per  minute.  The  slight 
drop  in  blood  pressure  was  very  transitory  as  it  was  followed 
by  a  rapid  return  to  normal,  during  which  time  the  flow  dropped 
slightly  below  the  normal  rate. 

This  experiment  in  connection  wUh  those  recorded  above  demon- 
strains  that  the  amount  of  kidney  extract  injected  does  not  directly 
influence  the  rate  of  flow  of  cerebrospinal  fluid,  but  only  has  a  transi- 
tory effect  through  the  fall  in  blood  pressure. 

PANCHEATIC   EXTRACT 

The  saline  extract  of  pancreas,  always  gave  a  marked  drop 
in  blood  pressure  even  when  comparatively  small  amounts  were 
injected. 

2  cc.  pancreatic  extract.  Normal  rate  was  0.256  cc.  per  min- 
ute (0.01  cc.  in  106  sec).  With  the  sudden  drop  in  blood  pres- 
sure the  rate  increased  to  0.56  cc.  per  minute  (0.45  cc.  in  50 
sec.)  an  increase  of  0.504  cc.  per  minute.  The  flow  ceased  for 
the  next  12  seconds,  while  in  the  supceeding  169  seconds 
0.2  cc.  was  drawn  back  into  the  cannula.  A  period  of  rest  of 
86  seconds  followed  before  the  fluid  started  flowing  at  the  nor- 
mal rate.  The  sucking  back  of  the  fluid  was  probably  due  to 
collapse  of  the  cerebral  sinuses  and  was  coincident-  with  the 
gradual  rising  blood  pressure.  The  very  rapid  outflow  coin- 
cident with  the  drop  in  blood  pressiu«  was  probably  due  to  the 
sudden  dilatation  of  the  cerebral  sinuses  forcing  out  fluid  which 
had  accumulated  in  the  ventricles  and  possibly  the  -  cistema 
magna.  If  we  compute  the  rate  of  flow  for  the  entire  period 
after  injection  (0.26  cc.  in  317  sec)  we  find  the  rate  would  be 
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0.0492  cc.  per  minute  or  a  decrease  from  the  normal  rate  of  0.068 
cc.  per  minute.  ■  It  is  thus  seen  that  while,  a  marked  increase 
in  rate  of  secretion  of  cerebrospinal  fluid  followed  the  injection, 

'  this  apparent  increase  was  simply  the  forcing  out  of  fluid  already 
in  the  cavities  of  the  cnmium,  by  the  distention  of  the  sinuses 
resulting  from  the  sudden  fall  in  blood  pressure.  The  actual 
rate  of  secretion  was  not  increased.    Figure  5. 

A  second  dog  injected  with  the  same  amount  gave  similar 
results.  Normal  rate  was  0.0671  cc.  per  minute  (0.03  cc.  in 
134  sec.).  After  injection  of  2  cc.  pancreatic  extract  a  sudden 
drop  in  blood  pressure  with  r^id  rise  to  normal  was  recorded. 
A  rapid  outflow  followed  the  drop,  0.45  cc.  flowing  in  78  seconds 
(0.346  cc.  per  minute).  This  was  followed  by  cessation  of  the 
flowforthe  next  138  seconds.  The  computed  rate  of  cerebrospinal 
fluid  flow  for  the  entire  period  after  injection  gives  an  average 
rate  of  0.127  cc.  per  minute,  an  increase  of  0.06  cc.  per  minute 
or  twice  the  normal  rate.  .  The  flow  was  slower  than  normal 
for  the  succeeding  three  minutes  which  brings  down  the  averse 

.  rate  per  minute  for  the  period  after  injection  to  practically 
normal. 

TESTICULAR  SECRETION 

llie  normal  rate  was  0.0574  cc.  per  minute  (0.09  cc.  in  94 
sec.).  After  injection  of  2  cc.  testicular  extract  there  .was  a 
slight  irregularity  in  the  blood  pressure  curve  and  a  slight  in- 
crease in  the  rate  of  cerebrospinal  fluid  flow.  This  was  fol- 
lowed by  a  sl^tly  slower  rate.  The  rate  for  the  entire  period 
after  injection  was  0.0636  cc.  per  minute  (0.3  cc.  in  283  sec.) 
an  increase  over  the  normal  rate  of  only.  0.0062  cc.  per  minute 
which  is  easily  within  the  normal  variation  in  rate.     Figure  6. 

OVARIAN   EXTRACT 

Since  the  ovary  consists  of  such  a  laige  amount  of  connective 
tissue  in  prt^mrtion  to  its  glandular  constituents  larger  amounts 
of  this  extract  were  used. 

Normal  rate  was  0.0277  cc.  per  minute  (0.05  cc.  in  108  see.). 
After  injection  of  5  cc.  ovarian  extract  the  rate  increased  to  0.0301 
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cc.  per  minute  (0.22  cc.  in  322  sec.)  an  increase  of  0.0114  cc. 
per  minute.  This  slight  increase  in  rate  was  due  to  a  sudden 
short  increase  .in  rate  coincident  with  a  slight  drop  in  blood 
pressing.  The  flow  following  thia  period  was  slower  than  nor- 
mal.   Pigure  7. 

LIVER  EXTRACT 

Comparatively  small  amounts  of  this  extract  cause  marked 
sudden  falls  in  blood  pressure,  resembling    pancreas    in    this 


Normal  rate  was  0.057  cc.  per  minute  (0.06  cc.  in  63  sec.). 
After  injection  of  3  cc.  liver  extract,  a  sudden,  almost  vertical 
drop  in  blood  pressure  was  recorded  and  the  rate  of  outflow 
increased  to  0.437  cc.  per  minute  (0.21  cc.  in  29  sec).  The 
blood  pressure  quickly  returned  to  normal  and  the  rate  of  out- 
flow dropped  to  only  O.OIOS  cc.  per  minute  (0.05  cc.  in  276 
sec.).  The  actual  rate  for  the  entire  period  after  injection  is 
0.0509  cc.  per  minute,  which  is  slightly  less  than  the  normal, 
but  within  the  normal  limits  of  variation.     Figure  8. 

The  experiment  with  liver  extract  again  demonstrates  that  while 
a  sudden  increase  in  the  rate  foUowa  an  injection,  it  is  not  due  to 
an  increase  in  rate  of  secretion  of  the  choroid  plexus,  but  is  the 
result  of  the  sudden  drop  in  arterial  blood  pressure  affecting  the 
cerebral  sinuses. 

BRAIN  EXTRACT 

5  cc.  extract.  The  norma!  rate  of  cerebrospinal  fluid  flow 
before  injection  was  0.0428  cc.  per  minute  (0.09  cc.  in  120  sec). 
After  injection  of  5  cc.  brain  extract  the  flow  increased  in  rate 
to  0.286  cc.  per  minute  (0.13  cc.  in  90  sec.)  and  then  slowed 
down  to  0.0172  cc  per  minute  (0.05  cc.  in  174  sec).  A  slight 
drop  in  blood  pressure  was  recorded  during  which  the  rate  of 
flow  was  increased  0.2483  cc.  per  minute  over  normal.  The 
actual  increase  in  rate  for  the  entire  period  after  injection  was 
0.109  cc.  per  minute  (0.48  cc.  in  264  sec).     Figure  9. 

2  cc.  extract.  Normal  rate  before  injection  was  0.0955  cc. 
per  minute  (0.18  cc.  in  113  sec).    After  injection  of  2  cc.  brain 
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extract  the  rate  inereased  to  0.207  cc.  per  minute  (0.53  cc.  in 
153  sec.)  then  ceased  for  152  sec.  A  very  slight  rise  in  blood 
pressure  followed  by  a  slight  fall  occurred.  The  actual  increase 
in  rate  for  the  entire  period  after  injection  was  0.104  cc.  per 
minute. 

2  cc.  extract.  Normal  rate  was  0.0128  cc.  per  minute  (0.08 
cc.  in  112  sec.).  After  injection  of  2  cc.  brain  extract  a  sl^t 
fall  in  blood  pressure  occurred  and  the  rate  of  flow  of  cerebro- 
spinal fluid  was  increased  to  0.135  cc.  per  minute  (0.14  cc.  in 
209  sec.)  or  an  actual  increase  in  rate  of  0.0922  cc.  per  minute. 
Figure  10. 

5  cc.  extract.  Normal  rate  0.066  cc.  per  minute  (0.07  cc.  in 
63  sec.)  After  injection  of  5  cc.  brain  extract  a  sudden  drop 
in  blood  pressure  was  recorded  together  with  a  marked  increase 
in  Ttde  of  cerebrospinal  fluid  flow.  The  rate  rose  to  0.297  cc. 
per  minute  (0.42  cc.  in  85  sec.).  This  was  followed  by  the  re- 
traction of  0.02  cc.  of  fluid  and  a  complete  cessation  in  flow  for 
195  sec.  The  computed  rate  for  the  entire  period  'after  injec- 
tion is  0.0857  cc.  per  minute  an  increase  of  0.0191  cc.  per  minute- 
over  the  normal  rate.  In  this  case  the  marked  fall  in  blood 
pressure  due  to  the  large  amount  of  extract  injected  apparently 
has  decreased  the  actual  increase  in  rate  which  smaller  in- 
jections invariably  show.  This  cannot  be  compared  with 
other  glandular  extracts  such  as  pancreas,  liver  or  spleen,  for 
with  these  extracts  an  amount  small  enough  to  have  very  Uttle 
efl'ect  on  blood  pressure  does  not  increase  or  decrease  even  the 
transitory  rate  of  flow. 

The  experiments  toith  brgtin  extract  demomtrate  that  there  is 
an  actual  increase  in  rate  of  flow  of  cerdfrospinal  fluid  independ- 
ent of  the  amount  of  fall  in  blood  jrresfture.  With  the  injection 
of  the  other  extracts  previously  recorded  a  marked  outflow  was' 
registered  vrUh  each  drop  in  blood  pressure,  but  this  was  invariably 
followed  by  a  marked  slowing  or  cessation  in  the  outflow  or  even 
an  actual  withdrawal  of  the  fluid  back  into  the  cranial  cavity.  When 
Oie  rate  of  flaw  was  computed  for  the  entire  period  gfter  injection,  • 
i.e.,  the  period  of  rapid  outflow  plus  the  period  of  cessation,  the 
rate  was  shown  to  be  practicaUy  normcd,  the  increase  being  only 
an  apparent  one. 
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THYEOID  EXTRACT 

In  our  first  experiments  with  thyroid  extract  we  found  that 
the  rate  of  secretion  was  markedly  reduced,  therefore  the  rec- 
ords after  injection  of  thyroid  extract  were  continued  over  much 
longer  periods  (sometimes  five  or  six  hours). 

5  cc.  human  thyroid'extract.  Normal  rate  was  0.0335  cc.  per 
minute  (0.61  cc.  in  IS  min.  12  sec.).  Immediately  after  injection 
of  5  cc.  thyroid  extract  there  was  a  moderate  drop  in  blood  pres- 
sure which  persisted  for  5  minutes.  The  rate  increased  to  0.0714 
cc.  per  minute  (0.27  cc.  in  3  min.  46  sec.).  Following  the  transi- 
tory increase  in  rate  it  markedly  decreased  and  after  6  minutes 
0.05  cc.  of  fluid  was  drawn  back  into  the  cannula.  The  results 
after  injection  were  computed  for  30-minute  periods.  The  rate 
for  the  first  period  was  0.00933  cc.  jier  minute;  for  the  second, 
0.00233  cc.  per  minute;  for  the  third,  0.0103  cc.  per  minute; 
for  the  fourth,  0.0136  cc.  per  minute;  for  the  fifth  0.0115  cc. 
per  minute.  The  rate  of  flow  for  the  whole  period  after  injec- 
tion, two  and  a  half  hours,  was  0.0101  cc.  per  minute,  a  decrease 
from  the  normal  rate  of  0.0234  cc.  per  minute.  It  is  thus  seen 
that  the  normal  rate  was  over  three  times  as  rapid  as  the  rate 
after  injection  of  only  5  cc.  thyroid  extract. 

5  cc.  of  a  2  per  cent,  extract  of  desiccated  beef  thyroid  (com- 
mercial). The  normal  rate  of  cerebrospinal  fluid  flow  before 
injection  was  0.065  cc.  per  minute.  After  injection  the  rate 
was  slightly  increased  colncidently  with  a  very  slight  drop  in 
blood  pressure.  The  results  after  injection  were  computed  for 
30  minute  periods  as  before.  The  rate  for  the  first  period  was 
0.031  cc,  per  minute;  for  the  second,  0.0193  cc.  per  minute; 
for  the  third,  0.0153  cc.  per  minute;  for  the  fourth,  0.0413  cc. 
per  minute;  for  the  fifth  0.023  cc.  per  minute;  for  the  sixth, 
0.0223  cc.  per  minute;  for  the  seventh,  0.0123  cc.  per  minute; 
for  the  eighth,  0.011  cc.  per  minute.  This  gives  an  average 
rate  for  the  four  hours  after  injection  of  0.0219  cc.  per  minute. 
This  is  a  decrease  from  the  normal  rate  of  0.0431  cc.  per  minute. 
As  in  the  previous  experiment,  the  normal  rate  of  secretion  of 
cerebrospinal  fluid  is  three  times  as  fast  as  after  injection  of 
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thyroid  extract.  It  is  evident  from  this  experiment  that  the 
commercial  desiccated  thyroid  is  in  every  way  as  efficient  in 
decreasing  the  secretion  of  the  choroid  plexus  as  is  the  fresh  gland. 

3  cc.  extract  of  dog's'thyroid.  The  normal  rate  of  cerehro- 
spinal  fluid  flow  for  30  minute  was  0.04  cc.  per  minute.  After 
injection  of  3  cc.  thyroid  extract  a  slight  transitory  drop  in 
blood  pressure  was  recorded  together  with  a  slight  temporary 
increase  in  the  flow  of  cerebrospinal  fluid.  The  results  after 
inje<ition  were  computed  for  30  minute  periods.  The  rate  for 
the  first  period  was  0.0156  cc.  per  minute;  for  the  second,  0.0233 
cc.  per  minute;  for  the  third  0.0233  cc.  per  minute;  for  the  fourth, 
0.019  cc.  per  minute;  for  the  fifth  0.0146  cc.  per  minute.  The 
average  rate  for  the  two  and  a  half  hours  after  injection  was 
0.0191  cc.  per  minute.  A  decrease  from  the  normal  rate- of 
0.021  cc.  per  minute.  At  the  end  of  the  first  10  minutes  in 
the  fourth  period  3  cc.  of  a  filtered  extract  of  human  goitre  was 
injected  without  any  change  in  blood  pressure  or  immediate 
change  in  rate  of  secretion,  although  the  rate  for  the  fourth 
and  fifth  periods  are  sU^tly  slower  than  that  for  the  second 
and  third  which  may  be  the  result  of  the  second  injection. 

Physiological  saline  solution  was  injected  as  a  control  of  the 
saline  glandular  extracts.  The  normal  rate  of  flow  was  0.026  cc. 
per  minute  (0.07  cc.  in'  161  sec).  After  injection  of  5  cc.  nor- 
mal sahne  the  rate  was  0.026  cc.  per  minute  (0.07  cc.  in  160 
sec.),  exactly  the  same  as  before  injection.  No  change,  in  the 
blood  pressure  was  recorded. 

Amyl-nitrate  produces  results  similar  in  every  way  to  those 
obtained  with  oi^n  extracts.  In  one  typical  experiment  the 
normal  rate  of  outflow  was  0.065  cc.  per  minute.  After  inhala- 
tion of  5  min.  of  amyl-nitrate  the  blood  pressure  dropped  sud- 
denly. The  rate  of  outflow  was  increased  to  0.0341  cc-  per 
minute  (0.54  cc.  in  95  sec,).  This  period  was  followed  by  a 
complete  cessation  of  the  flow  with  retraction  of  0.09  cc.  of 
fluid  as  the  blood  pressure  began  to  rise.  The  flow  then  remained 
stationary  for  several  minutes.  The  actual  flow  from  the  time 
of  injection  to  time  when  the  normal  rate  was  resumed  practi- 
cally equals  the  computed  normal  rate  for  this  period.    It  is 
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therefore  apparent  that  the  sudden  increase  in  rate  waa  directly 
a£isociated  with  the  drop  in  hlood  pressure  as  in  organ  extracts 
and  that  no  actxial  increase  in  secretion  resulted. 

Similar  results  were  obtained  with  urine,  bile  and  ma^esium 
sulphate. 

SUMMART  AND  DISCUSSION 

The  e}q>eriments  just  submitted  illustrate  the  influence  on 
the  rate  of  outflow  of  cerebrospinal  fluid  after  the  intravenous 
injection  of  saline  extracts  of  spleen,  kidney,  pancreas,  testes,- 
ovary,  hver,  brain  and  thyroid.  A  cursory  examination  of  these 
findings  gives  the  impression  of  a  mass  of  unrelatedl  even  con- 
tradictory facts,  but  closer  ■  study  shows  that  there  are  certain 
pkenomeTia  which  are  common  to  all  these  organ  extracts,  i.e., 
a  more  or  less  marked  drop  in  blood  pressure  immediately  after 
each  injection  and  a  corresponding  increase  in  the  rate  of  cere- 
brospinal fluid  outflow.  This  depressor  effect  on  the  arterial 
blood  pressure  is  a  well  known  action  of  Tiearly  all  glandular  ex- 
tracts. The  work  of  Pearce  (5),  Vincent  (6)  and  many  others 
has  dfflnonstrated  the  constancy  of  this  action  and  manner  of 
its  production.  In  our  work  we  wish  to  show  the  relation  which 
exists  between  the  blood  pressure  changes  and  the  rate  of  cere- 
brospinal fluid  outflow  after  the  injection  of  glandular  extracts. 

The  coincident  rapid  increase  in  rate  of  outflow  of  cerebro- 
spinal fluid  which  is  invariably  associated  with  this  drop  in 
arterial  blood  pressure  has  been  observed  by  Dixon  and  Halli- 
burton (4)  and  with  one  glandular  extract  by  Weed  and  Gush- 
ing (7).  The  former  consider  the  cerebrospinal  fluid  pressure 
to  he  independent  of  vasomotor  changes  and  therefore  conclude 
that  the  sudden  increase  in  rate  is  the  result  of  a  hypersecre- 
tion of  the  choroid  plexus  due  to  the  partial  asphyxiation  of  the 
secretory  cells.  Weed  on  the  other  hand  inclines  to  the  view 
that  the  haemodynamic  response  after  injection  may  account 
in  some  cases  for  the  rapid  increase  in  rate. 

Our  own  opinion,  which  was  briefly  stated  in  the  Chairman's 
address  before  the  Section  on  Surgery  of  the  American  Medical 
Association,  June,  1914,  is  that  the  rapid  rate  of  outflow  after 
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injection  of  organ  extracts  is  directly  due  to  the  drop  in  blood  pres- 
sure and  not  to  asphyxiation  of  the  choroid  plexus.  Our  opinion 
is  based  upon  two  distinct  but  correlated  observations..  First, 
a  study  of  the  arterial  and  cerebral  sinus  pressure  before  and 
after  the  injection.  Secondly,  a  study  of  the  rate  of  outflow 
of  the  cerebrospinal  fluid  before  and  after  injection. 

The  haemodynamic  influence  was  studied  by  tracings  taken 
from  the  femoral  blood  pressure  together  with  the  record  of 
the  coincident  changes  in  the  venous  pressure  in  the  cerebral 
sinuses.  The  latter  was  obtained  by  means  of  a  magnesium 
sulphate  manometer  connected  with  a  cannula  inserted  in  the 
torcular  herophih.  The  blood  pressure  changes  were  con- 
trolled by  respiratory  tracings,  hut  in  our  present  discussion 
the  latter  can  be  disregarded  as  under  the  morphin-urethane 
anesthesia   the   respiratory   changes  are  practically   negative. 

The  administration  of  any  depressor  substance  such  as  splenic 
extract,  ether,  amyl-nitrate,  or  magnesium  sulphate,  caused 
a  marked  drop  in  arterial  blood  pressure  followed  by  a  slow  rise 
to  normal.  Practically  coincident  with  the  drop  in  arterial 
blood  pressure  was  a  sudden  rise  in  the  cerebral  sinus  pressure. 
This  usually  occurred  immediately  after  the  sudden  drop  and 
not  with  it.  The  sinus  pressure  continued  to  rise  as  loi^  as 
the  arterial  blood  pressure  remained  at  its  lower  level.  As 
the  femoral  pressure  gradually  retiimed  to, normal  the  sinus 
pressure  slowly  dropped.  The  outflow  of  cerebrospinal  flxud 
followed  the  latter  very  closely.  With  each  rise  of  one  mm. 
in  the  sinus  pressure  0.01  cc.  or  more  of  cerebrospinal  fluid  flowed 
into  the  graduated  cannula.  As  soon  as  the  sinus  pressure 
dropped  the  flow  of  the  fluid  in  the  cannula  ceased  and  frequently 
was  drawn  back  into  the  ventricles.  This  demonstrates  that 
the  rate  of  outflow  of  the  cerebrospinal  fluid  is  intimately  con- 
nected with  sudden  changes  of  pressure  in  the  cerebral  venous 


The  element  of  asphyxiation  can  be  ruled  out  as  no  change 
in  the  respirations  occurred.  There  is  no  reason  to  suppose 
that  the  choroid  plexus  is  more  sensitive  to  asphyxiation  than 
the  respiratory  center  which  certainly  would  have  responded 
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with  increased  respiratory  movements  if  even  a  slight  degree 
of  asphyxiation  had  resulted. ' 

There  is  one  possible  complication  which  should  be  noted  at 
this  time.  When  ether  anesthesia  is  pushed  to  the  danger 
point  the  cerebral  sinus  pressure  rises  very  high,  in.'fact  with  a 
nonnal  of  128  mm.  of  saturated  magnesium  sulphate  it  may 
rise  to  190  or  200  mm.  At  this  time  the  flow  of  cerebrospinal 
fluid  is  very  rapid  and  more  than  equals  the  amount  which  the 
ventricles  could  probably  hold.  In  this  case  the  only  explana- 
tion which  seems  feasible  is  that  the  very  high  venous  pres- 
sure must  cause  some  transudation  of  fluid  through  the  venous 
walls.  The  hypothesis  that  this  enormous  increase  of  fluid  is 
due  directly  to  ether  stimulation  of  the  choroid  plexus  is  hardly 
tenable,  since  in"  smaller  doses,  which  do  not  raise  the  venous 
pressure,  very  little  stimulation  occurs,  certainly  nothing  which 
could  be  compared  with  the  relative  size  of  the  dose  in  the  first 
instance.  The  possible  augtnentation  of  the  choroid  plexus 
secretion  by  the  addition  of  a  transudate  does  not  materially 
affect  our  former  findii^s,  as  after  the  injection  of  organ  extracts 
no  such  enormous  increase  in  sinus  pressure  occurs. 

Further  proof  that  the  rate  of  outflow  is  influenced  by  the 
sinus  pressure  is  shown  by  the  reaction  to  small  amounts  of  de- 
pressor substances.  An  injection  of  splenic  extract,  which  is 
sufficiently  small  not  to  affect  the  blood  pressure  does  not  cause 
an  increase  in  the  rate  uf  outflow  of  cerebrospinal  fluid. 

We  are  thus  led  to  the  conclusion  that  the  sudden  iticrease  in 
rate  of  outflow  following  the  injection  of  organ  extracts  is  the  result 
of  sinus  distension  which  forces  out  fluid  already  present  in  the 
ventricles  and  cistema. 

The  second  series'  of  observations,  which  substantiate  the 
opinion  that  circulatory  distxirbances  are  the  direct  cause  of  the 
increased  rate  of  cerebrospinal  fluid  flow  after  injections  of  organ 
extracts,  deal  entirely  with  the  rate  of  outflow  and  will  be  con- 
sidered entirely  apart  from  vasomotor  conditions. 

The  injection  of  saline  extracts  of  spleen,  kidney,  pancreas, 
testes,  ovary  and  fiver  always  results  in  a  temporarily  increased 
rate  of  cerebrospinal  fluid  outflow.  If  the  increase  has  been 
marked  the  flow  following  this  transitory  increase  usually  ceases. 
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A  very  marked  expulsion  of  fluid  is  almost  invariably  followed 
by  retraction  of  the  fluid  into  the  cistema  or  ventricles.  The 
comparatively  sUght  increase  after  ovarian  or  testicular  extract 
i^  usually  followed  by  a  simple  slowing  of  the  rate  below  normal. 
The  actual  rate  after  injection  should  therefore  be  the  rate 
from  time  of  injection  to  the  time  when  the  normal  rate  was 
resumed,  or  Ut  least  until  the  arterial  and  venous  pressure  had 
returned  to  normal.  The  rate  for  the  entire  period  after  injec- 
tion of  these  five  organs  was  shown  to  be  practically  the  same 
as  the  normal  rate  before  injection.  This  must  of  course  take 
into  consideration  the  amount  of  fluid  retracted  after  the  flow 
had  ceased. 

Irrespective  of  the  reaction,  i,e.,  whether  the  flow  became 
subnormal,  whether  it  ceased  entirely,  or  whether  it  was  drawn 
back  into  the  cranial  cavity,  no  noteworthy  deviations  from 
this  rule  were  found. 

It  was  necessary  in  order  to  studythe  flow  after  the  temporary 
increase  in  rate  to  make  much  longer  tracings  than  are  usually 
made.  For  this  reason  we  discontinued  the  use  of  the  smoked 
paper  as  shown  in  our  figures  and  substituted  long  rolls  of  paper 
on  which  the  tracings  were  made  with  ink.  In  this  way  records 
of  five  or  six  hours  could  be  made  without  changing  the  apparatus 
in  any  way.  We  are  inclined  to  think  that  some  of  the  findings 
of  Dixon  and  Halliburton  are  the  result  of  observations  over 
too  short  periods. 

The  injection  of  brain  extract  gave  the  same  drop  in  blood 
pressure  and  sudden  increase  in  cerebrospinal  fluid  outflow  which 
was  noted  with  the  other  glandular  extracts.  It  differs  how- 
ever, from  the  previous  extracts  in  that  the  rate  for  the  entire 
period  is  greater  than  normal.  In  other  words  brain  extract 
gives  an  actual  increase  in  the  outflow  of  cerebrospinal  fluid. 
This  was  determined  by  subtracting  the  normal  rate  from  the 
rate  for  the  entire  period  after  injection  (from  time  of  injection 
to  retiuTi  of  normal  rate).  The  average  increase  in  rate  of  the 
four  experiments  quoted  is  0.106  cc.  per  minute. 

Thyroid  extract  gives  a  decrease  in  the  rate  of  cer^ospinal 
fluid  outflow,  an  opposite  effect  to  that  of  brain  extract.  With 
doses  of  3  cc.  to  5  cc.  of  thyroid  extract  the  usual  drop  in  biood 
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pressure  with  the  iDcreased  rate  of  flow  of  cerebrospinal  fluid 
always  occurs.  But  following  this  increased  rate  with  its  com- 
pensatory slower  rate  or  cessation  of  flow  is  a  prolonged  period 
of  markedly  decreased  rate.  This  result  is  obtained  by  the 
injection  of  saline  extracts  of  fresh  d(^  thyroid,  fresh  human 
thyroid  (colloid  goitre),  fresh  rabbit  thyroid  and  commercial 
desiccated  beef  thyroid.  The  extracts  of  dog  thjfroid  reduced 
the  flow  over  one-half  dm"ing  a  period  of  two  and  a  half  hours, 
while  extract  of  human  and  dessiccated  beef  thyroid  reduced 
the  rate  to  one-third  of  the  normal,  during  a  period  of  two  and 
a  half  hours  respectively.  Rabbit  thyroid  injected  in  doses 
corresponding  to  the  saline  extract  of  two  thyroids  (from  one 
rabbit)  for  a  10  kilo  dog  gave  similar  results  without  the  fdll  in 
blood  pressure,  and  the  resultant  increase  in  cerebrospinal 
fluid  outflow.  In  this  experiment  the  decrease  in  rate  appeared 
almost  immediately  after  the  injection  and  lasted  for  four  and  one- 
half  hours  at  which  time  the  dog  was  killed.  In  similar  experiments 
much  longer  records  have  been  made,  some  over  a  period  of  five 
and  six  hours  during  which  the  rate  remained  much  slower 
than  normal.  Control  experiments  have  demonstrated  that 
with  the  methods  we  used  the  cerebrospinal  fluid  will  flow  at 
.  nearly  a  imiform  rate  for  this  length  of  time. 

Further  corroborative  evidence  as  to  the  specific  action  of  thy- 
roid extract  on  the  choroid  plexus  is  furnished  by  the  first  clini- 
cal case  of  hydrocephalus  in  which  we  tried  the  effect  of  feeding 
dessiccated  thyroid.  This  baby  developed  hydrocephalus  when 
three  weeks  old.  The  thyroid  feeding  was  commenced  one 
month  later,  at  which  time  the  hydrocephalus  was  marked. 
Four  weeks  later  the  child  showed  improvement  and  now  after 
six  months  has  increased  one-third  in  weight,  grown  four  inches 
taUer,  and  shows  no  signs  of  hydrocephalus. 

Recently  we  have  carried  on  a  series  of  experiments  with 
diiodotyrosin  which  was  kindly  furnished  us  by  Dr.  Treat  B. 
Johnson,  who  prepared  the  material.  This  synthetic  sub- 
stance apparently  has  an  effect  similar  to  thyroid  extract  al- 
though not  as  marked  either  in  action  or  duration.  A  full  report 
this  substance  will  appear  in  a  later  paper. 
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CONCLUSIONS 

From  the  experimentis  here  reported  we  can  state: 

(1)  Saline  extracts  of  pancreas',  spleen,  kidney,  Uver,  ovary 
and  testes  do  not  influence  the  rate  of  secretion  of  the  choroid 
plexus. 

(2)  The  apparent  increased  rate  after  the  injection  of  ex- 
tracts of  these  glands  is  a  mechanical  rather  than  a  secretory 
effect. 

(3)  This  mechanical  effect  is  directly  due  to  the  fall  in  ar- 
terial blood  pressure  which  increases  the  pressure  in  the  cranial 
venous  sinuses  thus  forcing  out  the  preformed  fluid  in  the  ven- 
tricles and  cisterna  magna. 

(4)  Brain  extract  causes  an  increase  in  secretion  independent 
of  blood  pressure  changes. 

(5)  Thyroid  extract,  either  from  fresh  glands  or  the  com- 
mercial desiccated  beef  preparation  is  the  only  glandular  sub- 
stance which  has  a  specific  inhibitory  effect  on  the  secretory 
activity  of  the  choroid  plexus,  quite  independently  of  blood  pres- 
sure changes. 
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The  value  of  regular  and  systematic  bathing  a3  a  health- 
producing  agency  is  most  emphasized  by  those  who  make  peri- 
odical visits  to  bathing  resorts  and  by  the  physicians  under  whose 
direction  they  live  while  there.  An  explanation  for  the  salutary 
effect  of  the  water  is  usually  that  it  "stimulates  metabolism." 
Whatever  influence  the  bathing  may  have,  the  effects  of  simple 
food,  regularity,  new  surroundings,  and  the  careful  attention 
of  physicians  to  all  ailments,  small  and  large,  are  factors,  which, 
according  to  Umber  (I)  and  others  (2)  are  more  favorable, 
therapeutically,  than  any  constituents  of  the  water.  The 
desirable  results  of  the  use  of  large  amounts  of  water  internally, 
which  is  usually  a  part  of  the  regime,  also  come  into  consider- 
ation (3)  (4). 

According  to  Matthes  (5)  in  v.  Noorden's  treatise  on  metab- 
ohsm  the  effects  of  baths  and  bathing  may  be  credited  either 
to  the  temperature  of  the  water  or  to  its  mechanical  or  chemical 
action. 

With  respect  to  the  influence  of  temperature,  both  cold  and 
hot  baths  may  bring  about  an  increased  metabohc  exchange,  the 
combustion  of  non-nitrogenous  substances  being  first  affected. 
If  material  disturbance  in  the  heat  balance  occurs,  protein 
metdt>olism  may  also  appear  to  be  influenced.  Little  is  known 
regardii^  the  individual  nitrogen  components.  Formanek  (6) 
investigated  the  influence  of  cold  baths  on  total  nitrogen  and 
uric  acid  excretion  in  a  human  subject  on  a  uniform  mixed  diet 
and  found  an  increase  in  both,  with  an  increased  fecal  nitrogen 


dbyGoogIc 


EFFECT  OF  BATHING   ON   METABOUaM  489 

at  the  same  time,  indicating  poorer  utilization.  In  similar 
experiments  on  a  fasting  dog  (7)  in  which  the  body  temperature 
fell  to  29.3°  the  nitrogen  excretion  rose  from  1.4  to  4.6  grams 
per  day  and  remained  at  this  high  level  for  several  days.  In  a 
hot  bath  Rubner  (8)  found  metabolism  stimulated,  as  measured 
by  resjiiratory  exchange.  If  the  heat  is  sufficient  to  raise  the 
body  temperature  considerably,  there  is  an  increased  protein 
metabolism,  not,  according  to  v.  Noorden,  as  a  primary  result 
of  increased  body  heat,  but  after  increased  carbohydrate  me- 
tabolism has  depleted  the  glycogen  stores.  A  possible  direct 
influence  can  hardly  be  excluded.  A  stimulation  of  protein 
metabolism  as  the  result  of  hot  baths  has  been  observed  by 
several  workers  (9)  (10)  (11). 

The  metabolic  influences  of  different  substance  in  the  bath- 
ing water  has  been  looked  for  chiefly  in  brine  baths  of  various 
concentrations,  in  sea  water  baths,  in  sool  baths  (Stassfurt 
salt)  with  and  without  carbon  dioxide,  in  mustard  baths,  in  those 
containing  radium  emanation,  ^nd  in  many  others. 

(a)  Protein  metabolism.  The  work  of  earlier  investigators 
is  conflicting,  indicating  in  some  cases  an  increased,  in  others  a 
decreased,  nitrogen  excretion  following  brine  and  sool  baths. 
Bahrmann  and  Kochmann  (2)  question  these  results  because 
the  preliminary  periods  were  generally  too  short  to  observe 
nitrogen  metabolism  properly.  Also  the  nitrogen  in  feces  and 
sweat  is  not  accounted  for.  They  conclude  that  the  effect  of 
sool  baths  on  metabolism  is  no  different  from  that  of  ordinary 
baths  at  the  same  temperatiire.  In  experiments  on  two  strum- 
ous children,  five  and  eight  years  old,  Heubner  (12)  found 
increased  nitrogen  excretion  durii^  a  bathing  period  in  wjiich  the 
baths,  beginning  with  pure  warm  water,  were  next  3  per  cent 
and  then  5  to  7  per  cent  NaCl.  The  high  nitrogen  excretion  con- 
tinued throu(^  the  final  period.  The  calorific  value  of  the  diets 
was  the  same,  and  the  nitri^en  content  almost  identical,  yet  the 
increased  nitn^en  elimination  produced  a  minus  balance  in 
the  less  well  nourished  of  the  two  children  throughout  the  latter 
part  of  the  bathing  period  and  the  final  period. 

(b)  Metabolism  of  sodium  chloride.    Regarding  variations  in 
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sodium  chloride  excretion  the  findings  are  also  contradictory, 
and  Bahrmann  and  Kochmann  (2)  are  unwilling  to  use  most  of 
the  data  because  in  some  cases  the  analytical  methods  were  not 
the  best,  and  because  the  laws  of  sodium  chloride  metabolism 
are  not  well  enough  understood.  That  variations  in  the  amount 
of  salt  excreted  are  at  least  not  to  be  explained  by  absorption 
of  salt  through  the  skin  is  generally  accepted.  Heubner  (12) 
found  a  retention  of  NaCl  in  the  poorly  nourished  subject  dur- 
ing the  bathing  period,  while  in  the  well-nourished  the  NaCl 
elimination  was  uniform  throughout. 

That  the  salts  of  a  bath  may  remain  on  the  skin  a  considerable 
time  after  the  bath  if  not  rinsed  off  with  fresh  water  was  shown 
by  Lehmann  (13)  who  was  able  to  demonstrate  spectroscopically 
the  presence  of  lithium  and  strontium  on  the  skin  a  week  after 
a  bath  containing  these  salts,  which  may  therefore  continue  to 
exercise  an  effect  on  the  skin  (14),  if,  indeed,  they  have  an  effect. 
Several  ingenious  suggestions  sae  made,  that  the  salt  on  the 
skin  makes  a  cloak,  lessening  the  heat  loss  through  evaporation 
(15),  or  that  the  water  taken  up  "by  the  hygroscopic  salts  stimu- 
lates the  skin  and  increases  oxidation  (16). 

(c)  Gaseous  metabolism.  Here  again  the  early  observations 
are  contradictory,  but  the  opinion  of  Wintemitz  (17)  that  sool 
baths,  even  15  per  cent  salt,  have  no  other  effect  than  sweet 
water  baths  of  the  same  temperature  is  no  longer  questioned. 
In  the  extensive  work  on  the  influence  of  sea  climate  and  bathing 
on  man  Loewy  and  his  co-workers  (18)  found  an  increased  oxy- 
gen consumption.  During  the  first  few  days  a  decrease  in 
respiratory  quotient  was  noted.  Incidentally  also,  they  found 
nitrogen  metabohsm  increased  in  one  individual,  decreased  in 
another,  and  during  the  bathing  period  a  sodium  chloride  ex- 
cretion' greater  than  the  ingestion.  The  effect  of  a  sea  bath, 
they  state,  is  entirely  different  from  that  of  a  cold  tub,  and  the 
unknown  factors  in  this  explanation  probably  account  for  the 
many  conflicting  results. 

The  Great  Salt  Lake  offers  an  unusual  salt  concentration. 
Because  of  this  and  because  of  the  beneficial  influences  that  are 
claimed  for  its  water,  it  seemed  desirable  to  learn  whether  bath- 
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ing  in  this  water  modified  metabolic  processes  in  any  tai^ble 
way.» 
Two  subjects  were  maintained  on  a  uniform  diet  as  follows: 

Saijtct  I  Suij'Kf  I 

Graham  crackers,  per  meal 140.0  g.  110.0  g. 

Peanut  butter,  per  meal 20.0  20.0 

Butter,  per  meal 25.0  25.0 

Milk,  permea; 425,0  cc.  400.0  cc. 

Water,  per  day 1200,0  Co.  600 ,0  cc. 

Tea  (evening),  per*day 300 .0  cc. 

Nitrogen  per  day 14.0  g.  12.6  g. 

GalorieB  per  day 3380.0  2962.0 

The  experiment  was  divided  into  five  periods:  (I)  a  prelim- 
inary period  of  five  daysj  (2)  a  bathing  period  of  four  days,  (3) 
two  days  without  bathing,  (4)  four  days  of  bathing,  (5)  a  final 
period  of  two  days.  Periods  2,  3  and  4  are  sometimes  referred 
to  as  the  bathing  period.  The  daily  routine  of  the  subjects 
was  practically  uniform  throughout  the  experiment.  During 
the  bathing  days  the  laboratory  work  was  augmented  by  a  15- 
mile  ride  to  Saltair  and  back,  and  by  the  usual  exercise  while 
in  the  water.  No  definite  activity  was  substituted  for  this  dur- 
ing periods  1,  3  and  5. 

The  composition  of  the  water  of  Great  Salt  Lake  has  been  the  sub- 
ject of  several  inquiries  (19),  and  has  been  found  to  vary  considerably 
with  the  seasons  and  with  the  amount  of  rainfall.  Generally  speak- 
ing the  water  shows  a  minimum  of  total  solids  after  the  spring  thaws, 
the  amount  increasing  through  the  dry  summer  months  and  coming 
to  a  maximum  in  the  fall  before  the  winter  precipitation  begins.  Analy- 
sis of  a  sample  taken  during  the  bathing  showed  a  specific  gravity  of 
1.152,  19.17  per  cent  total  solids,  of  which  93.34  per  cent  were  chlorides 
calculated  as  NaCl.  After  the  bath  the  face  and  hands  were  rinsed 
with  fresh  water,  the  rest  of  the  body  being  wiped  immediately  with  a 
diy  towel.  The  original  plan  had  been  to  make  the  bath  dm-ii^  period 
2  from  twenty  to  thirty  minutes  long,  and  during  period  4  from  forty- 
five  to  ^xty  minutes.  Ordinarily  the  weather  in  Salt  Lake  is  warm 
enough,  by  the  end  of  June,  to  make  this  possible,  but  a  week  of  cold, 

'  It  IB  a  pleasure  to  acknowledge  the  assistance  of  Saltair  Beach  Company, 
who  provided  transportation  and  the  privileges  o[  their  bathing  equipment. 
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rainy  weather  at  the  end  of  the  experiment  made  it  quite  impossible 
to  do  this  aad  still  have  anything  like  normal  bathing.  The  local 
weather  bureau  records  a  higher  precipitation  (3,37)  for  the  month  of 
June  1913,  than  has  occurred  in  any  June  since  the  local  weather  bureau 
was  established  in  1S74.  The  excess  over  the  normal  was  2.6,  and 
practically  all  of  this  precipitation  came  during  the  days  of  the  second 
bathing  period. 

The  urine  was  collected  in  24-hour  samples,  preserved  by  thy- 
mol, and  cold,  and  analyzed  in  duplicate  for  total  nitrogen 
(Kjeldahl),  creatinine  (Folin),  chlorides  (Dehn-Clark)  and  uric 
acid  (Folin-Macallum). 

Acidity  (Fohn)  was  determined  diuing  the  latter  part  of  the  exper- 
iment, but  the  results  are  not  significant;  ammonia  was  determined 
throughout,  but  the  discovery,  later,  that  the  distilled  water  was 
untrustworthy  caused  us  to  question  these  results,  even  thou^  dupli- 
cate analyses  were  obtained.  This  also  necessitated  a  repetition  of 
the  total  nitrogen  detenninatlons.  The  original  plan  of  the  work  had 
included  the  determination  of  fecal  nitrogen  and  chlorides,  and  of 
urinary  indican,  and  observations  of  blood  pressure  and  blood  count 
as  affected  by  the  bath,  but  these  had  to  be  relinquished  before  any 
conclusive  results  were  obtained  because  of  the  inadequacy,  of  the  work- 
ing force.  The  omission  of  blood  pressure  determinations  is.partic- 
ularly  unfortunate  because,  in  view  of  certain  clinical  results,  the  pres- 
sure of  the  heavy  water  on  the  exterior  of  the  body  may  materially 
increase  blood  pressure,  and  as  a  result,  perhaps  modify  metabolic 
processes  in  the  tissues. 

The  results  of  the  urine  analysis,  and  a  record  of  the  length 
and  temperature  of  the  baths  are  shown  in  Table  1.  Figure  1 
shows  graphically  the  variations  in  the  urine  constituents  dur- 
ing the  experiment. 

Total  nitrogen.  The  results  indicate  a  slightly  increased 
nitrogen  elimination  during  the  bathing  period,  7.16  per  cent 
above  the  average  of  the  non-bathing  days  in  Subject  1,  where 
the  variations  follow  the  periods  rather  closely.  In  Subject  2 
the  effect  is  not  as  clear,  though  periods  2  and  4  together  averse 
5  per  cent  greater  nitrogen  excretion  than  the  average  for  all 
non-bathing  periods.     The  fact  that  nitrogen   elimination  in 
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period  3  (two  days  without  bathing)  is  higher  than  in  paiod  2 
and  almost  as  high  as  in  period  4  may'  be  due  to  a  lag  which  is 
noted  in  much  of  the  data  for  Subject  2.  The  fall  in  body  tem- 
peratiire  during  and  following  the  baths  (p.  000)  was  small  and 
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brief.  The  calorific  value  of  the  food  as  well  ae  the  constancy 
in  body  wei^t  would  suggest  that  the  sUght^^  higher  excretion 
of  nitrogen  during  the  bathing  periods  is  a  result  of  stimulated 
metabolism,  rather  than  a  utilization  of  proteins  to  meet  an 
increased  need  for  fuel. 
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Fig.  1.  Total  nitrogen  and  chlorides  are  plotted  in  grams,  uric  acid  and  creat- 
inine in  tenths  of  grams,  all  to  the  same  base  line  for  eacb  subject  except 
creatinine  in  subject  1  which  ie  dropped  tvo  spaces  to  avoid  confusion. 
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Vric  acid.  The  diet  was  practically  purine-free,  so  that  the 
uric  acid  may  be  considered  as  endogenous  in  origin.  The 
variations  in  its  elimination  are  too  slight  to  indicate  -any  effect 
of  the  bathing^  to  be  complete  these  results  should  be  supple- 
mented by  values  for  uric  acid  in  blood  which  was  not  determined. 
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Chlorides.  An  increased  elimination  of  chlorides  during  the 
bathing  period  is  evident,  amounting  to  20.95  per  cent  for 
Subject  1,  and  27.10  per  cent  for  Subject  2,  over  the  average 
amounts  eliminated  during  the  preliminary  and  final  periods. 
In  Subject  1  these  variations  again  follow  the  separate  bathing 
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periods  closely,  while  in  Subject  2  the  two-day  interim  without 
bathing  shows  a  higher  excretion  than  the  bathing  periods,  both 
of  which,  however,  show  markedly  higher  values  than  preliini- 
nary  and  final  periods.  Regarding  the  absorptive  powers  of  the 
human  skin  a  considerable  body  of  hterature  over  long  years 
fails  to  give  conclusive  evidence.  It  is  generally  held  that 
watery  solutions,  not  acting  chemically  on  the  epidermis,  are  not 
capable  of  absorption  by  the  intact  skin  of  man,  while  such  fluids 
as  can  wet  the  skin,  namely,  fats  and  their  solvents,  may  be  im- 
bibed by  the  cells,  or  may  make  their  entrance  through  the 
capillary  spaces  between  them  (20).  That  the  sebum  is  in  fact 
the*  barrier  to  the  entrance  of  aqueous  solutions  is  made  probable 
by  the  fact  that  after  cleansing  the  skin  with  ether  it  is  no  longer 
impermeable  to  such  solutions.  Of  particular  interest  are  the 
results  of  Kahlenbei^  (21)  who  was  able  to  show  the  rapid 
absorption  of  boric  acid  through  the  ether-cleansed  skin  of  the 
feet.  It  is  probable  that  the  capillary  spaces  as  well  as  the  ' 
cells  themselves  may  serve  as  channels  for  absorption,  since 
rubbing  on  various  ointments  is  more  effective  as  far  as  absorp- 
tion is  concerned  if  the  skin  is  rubbed  in  one  direction  only. 
Mucous  surfaces  did  not  furnish  an  avenue  of  entrance  as  special 
care  was  taken  to  avoid  getting  water  into  the  mouth.  As  the 
skin  was  not  rinsed  off  with  fresh  water  following  these  brine 
baths  considerable  salt  remained  as  a  thin  film  and  it  is  possible 
that,  aided  by  the  friction  of  the  clothing,  the  very  small  salt 
particles  might  gradually  make  their  way  between  the  capillary 
spaces  and  so  come  to  absorption. 

To  say  that  all  of  the  augmented  elimination  of  chloride  came 
from  salt  absorbed  through  the  skin  would  be  to  leave  out  of 
account  the  considerable  stores  of  chloride  over  which  the  body 
has  disposition.  Such  stores  are  made  evident  at  the  beginning 
of  a  fast  when  the  chloride  excretion  for  the  first  day  or  two  is 
much  above  the  level  to  which  it  later  fails  (22) .  The  variations 
in  this  experiment  might  be  considered  as  expressive  of  an 
increased  catabolism  of  chloride-containing  compounds.  This 
increase  is  not  shared  by  any  other  urinary  constituent  deter- 
mined except  total  nitrogen;  the  parallelism  in  the  total  nitro- 
gen and  chloride  curves  is  especially  pronoxmced  in  Subject  1, 
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but  the  increase  in  protein  catabolism  is  entirely  inadequate  to 
account  for  the  increased  chloride  excretion  (23).  Further,  it 
is  usual  in  metabolism  experiments  to  find  chloride  and  nitrogen 
entirely  independent  of  each  other.  If  the  parallelism  is  not 
accidental  we  have  no  sufficient  explanation  for  it  at  present. 

Creatinine.  The  creatinine  variations,  while  very  sUght 
indeed,  are  at  least  consistent  in  showing  increased  excretion 
during  the  bathing  periods,  though  here  again  Subject  2  shows  a 
lag.  Creatinine,  as  an  end  product  of  endogenous  metabolism 
is  generally  unaffected,  as  to  its  amount,  by  muscular  activity; 
muscular  tonus,  on  the  other  hand,  has  been  thou^t  to  be  more 
closely  related  (24),  and  if  this  is  so,  and  if  the  values  obtained 
were  significant,  the  question  would  be  answered.  Subsequent 
work  during  bathing  in  colder  water'  failed  to  support  this  idea. 

'Creatinine  determinationB  were  made  during  a  stay  at  the  eea-shore;  the 
waterwas  considerably  colder  (IS'C.)  and  the  salt  concentration,  of  coune,  much 
leas.  For  reasone  of  convenience  the  Bubjccta  were  not  placed  on  a  uniform  diet, 
but  since  creatinine  excretion  is  independent  of  all  dietary  conatituenta  except 
the  creatinine  of  meat,  and  since,  on  an  ordinary  uncontrolled  meat  diet  the 
average  variation  from  the  non-meat  diet  is  very  slight,  0.05  (p'am  (ShatTer,  Am. 
J.  Physiol.,  22,  190S,  454),  it  was  thought  not  necesaary,  inasmuch  aa  any  vari- 
ations, in  order  to  be  attributed  to  bathing  would  have  to  be  greater  than  those 
that  might  result  from  variations  in  a  partially  controlled  diet.  The  results 
are  given  in  the  subjoined  table,  and  show  no  more  evidence  of  increased  creatin- 
ine excretion  following  bathing  than  do  the  data  of  Table  1.  The  constancy  of 
creatinine  excretion  even  on  «  mixed  diet  is  noteworthy. 

BITBJECT  I  BUUBCT  1 

Date  Crmtinine  '  Lintthof                    CreaHmiu                Ltn^lief 

iranu  batk                           panu                         balk 

July  23 l.H  1.03 

July  U I.M  l!i4 

July  » 1.37  O.M 

July  M 1.18  O.M 

July  IT l.U  I.Ot 

July  K 1.4S  0.98 

July  M 1.47  aOminuta                       1. 00                     19  miautai 

July  30 1.3«  noluitb                            O.W                     nobMh 

July  31 1.4(1  liminuUa                       1.07                     l^niDuMs 

AucuM   1 ].»}        '  17inmut«i                       l.Ot                     JCTminutea 

AufuK  1 1.40  lOminuIn                       1.04                      !0  mlouMg 

Non-bMliii«ilKys..  1.47  1. 01 

Bathincdaya 1.48  t.04 

The  higher  values  in  this  table  as  compared  with  Table  1  are  not  significant. 
The  dichromate  used  as  a  standard,  even  though  taken  from  a  paraffined  bottle, 
contained  moisture  which  was  not  removed. 
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The  examinatioa  of  hourly  samples  might  reveal  variations 
which  24-hom'  samples  do  not  show.  Perhaps  the  great  lower- 
ing of  body  temperature  frequently  produced  experimentally 
in  man  and  animals  by  exposure  to  cold  might  modify  creatinine 
metabolism.  So  far  as  we  are  aware,  no  work  has  been  published, 
showing  the  effects  of  lowered  body  temperature  on  creatinine 
excretion,  although  its  variations  in  fevers  and  other  pathological 
conditions  are  known. 


June  ift. . . 
June  21... 


TABLE  2 

TEMPEHttOlii: 

(rAHRBraBIT) 

Subject  1 

99.6 

Bub]«l2 

4.20  p.m. 

99.6 

before  bath 

4.50  p.m. 

89.1 

98.4 

juat  after  bath 

7.00  p.m. 

99.4 

99.5 

after  return  to  laboratory 

1.35  p.m. 

99.36 

.     99-6 

before  lunch 

3.26  p.m. 

99.4 

99.75 

before  bath 

3.55  p.m. 

99.15 

98.3 

98.0 

3  minutes  later 

98.4 

97.95 

10  minutes  later 

99.2 

99.7 

after  return  to  laboratory 

3.45  p.m. 

99.62 

99.95 

before  bath 

4.35  p.m. 

99.2 

97.3 

5  minutes  after  bath 

98.0 

8  minutes  after  bath 

98,8 

98.0 

10  minutes  after  bath 

98,5 

16  minutes  after  bath 

3.40  p.m. 

09.55 

99.85 

before  bath 

4.15  p.m. 

99.6 

98.6 

5  minutes  after  bath 

99.2 

98.6 

8  minutes  after  bath 

98.9 

11  minutes  after  bath 

98.85 

14  minutes  after  bath 

Body  temperature.  The  drop  in  temperature  resulting  from 
the  bath  was  usually  about  1°  from  Subject  1,  and  nearly  2"  for 
Subject  §.  Readings  were  taken  only  occasionally  and  while  the 
temperature  changes  are  not  great  some  interest  attaches  to  the 
measurements  which  are  of  the  rectal  temperature.  Some  of  the 
results  are  given  in  Table  2. 

Although  the  subjects  stayed  in  the  water  until  uncomfortably 
cold,    the   body    temperatures   immediately  after  bathing    are 


dbyGoogIc 


EFFECT  OF   BATHING   ON   METABOLISM  499 

generally  not  the  lowest  reached,  but  the  temperature  continues 
to  fall  (Subject  1)  for  five  to  ten  minutes,  while  the  body  is  beii^ 
dried  with  a  towel  and  the  usual  clothing  is  being  put  on.  This, 
we  find,  has  been  noted  before  (25).  Probably  the  evaporation 
of  such  moisture  as  is  not  removed  by  dryii^  with  a  towel  is  suffi- 
cient to  account  for  this  fall  in  body  temperature. 


Two  subjects  were  maintained  on  a  uniform  diet  containing 
in  one  case  14.0,  in  the  other  12.6  grams  of  nitrogen  daily  for 
seventeen  days.  A  foreperiod  of  five  days  was  followed  by  two 
bathing  periods  of  four  days  each  separated  by  an  interim  of 
two  days  without  bathing.  The  lake  water  had  a  content  of  19.2 
per  cent  total  soUds  of  which  93  per  cent  were  chlorides  (as  NaCl) . 
The  urine,  collected  in  24-hour  periods,  was  analysed  for  total 
nitrogen,  creatinine,  uric  acid  and  chlorides.  Total  nitrogen 
excretion  in  the  two  subjects  shows  an  increase  of  7  and  5  per 
cent  during  the  bathing  periods,  over  the  amounts  excreted  in 
the  preliminary  and  final  periods,  which  is  probably  a  true 
stimulation  of  nitrogen  metabolism  rather  than  a  destruction  of 
protein  for  fuel.  Uric  acid  variations  are  small.  Creatinine 
elimination  shows  a  slight  rise  during  the  bathing  periods,  which, 
if  significant,  may  be  related  to  increased  muscular  tonus.  Body 
temperature  fell  1  to  2°F.  as  a  result  of  bathing,  falling  most  rap- 
idly not  during  the  bath  but  after  it  while  drying.  Chloride  ex- 
cretion was  considerably  increased  during  the  bathing  periods,  in 
the  two  cases  21  per  cent,  and  27  per  cent,  over  the  amounts 
eliminated  during  the  preliminary  and  final  periods.  These 
variations  have  no  adequate  parallel  in  those  of  any  other  catab- 
olite  determined  and  the  possibility  of  absorption  through  the 
skin  is  suggested  and  discussed. 
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